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A series of nine metal complexes which contain betaine and pseudohalide ligands and 
for which single crystals were obtainable have been structurally characterized by X-ray 
analysis. They all crystallize either in the monoclinic space group Cl/c or in the triclinic 
space group PI, and four of them constitute an isostructural series. All complexes feature a 
one-dimensional polymeric chain with junctions linked by metal atoms except one cobaU(n) 
complex which comprises discrete cations and anions. Betaine and its derivatives act as 
carboxylate-like ligands with versatile coordination modes involving their carboxy groups, 
and the triatomic linear pseudohalides display typical terminal and bridging modes to 
coordinate to metal atoms. In the structures of 1—4，each pair of metal(II) ions are triply 
bridged by two p-l j -azido (or |a-l,l-isocyanato) and one jlH:>，0，-carboxy ligands, 
whereas every pair of copper(II) ions are also triply bridged by one p-l,l-azido, one m-
0,0'-carboxy and one M-0,(9'-nitrato ligands in the structure of 5. The framework of 
structure 6 is a one-dimensional chain built up of comer-sharing centrosymmetric 16-
membered (—N—C—S—Cd)4 puckered rings that contain jLi-l，3-bridging thiocyanate 
groups in both ami and skew modes; both unidentate and bidentate chelate modes of the 
betaine ligands coexist in this complex. The structure of 7 is constructed from an alternate 
arrangement of two kinds of rings that share comers to form a linear chain: one is a 8-
membered chair-like (—N—C—S—Cd)2 ring bridged by a pair of |j-l，3 thiocyanate 
ligands and the other a 4-membered (—O—Cd)2 ring bridged by two n^-ix-O carboxylate 
ligands. In the complex 8，adjacent barium atoms are linked by a pair of 
centrosymmetrically-related carboxylato-|i-0-r]-0,0' bridges. The barium atom is 
coordinated by pairs of chelating pyridine betaine, p-O bridging pyridine betaine, and N-
bonded thiocyanate ligands in an approximate dodecahedral arrangement. The last complex 
9 comprises distorted octahedral cations in which the cobalt atom is surrounded by two 
trans monodentate pyridine betaine, one A -^bonded thiocyanate and three aqua ligands, as 
well as distorted tetrahedral [Co(NCS)4]2- anions. Two-thirds of the aqua ligands form 
intra- and inter-molecular hydrogen bonds with the coordinated and uncoordinated carboxy 
oxygens, linking the cations into a one-dimensional polymeric block. 
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Chapter 1. Introduction 
I, Chemistry of pseudohalides 
The term “pseudohalogen，，was introduced by L. Birckenbach in 1925. It 
usually refers to the molecular, halogen-like oxidation products of the pseudohalides which 
are polyatomic, mesomerically stabilized monoanions. The classical representatives of the 
series, such as triatomic isosteric ions of the general formula [ABC]- — azide (N3-)， 
cyanate (NCO) and thiocyanate (NCS-) — are characterized by linear or nearly linear 
structures exemplified in Table 1. Complete delocalization of the ionic charge, high 
symmetry and the absence of non-polar groups are among the important characteristics of 
pseudohalides. The measured A—B and B—C bond lengths reflect the 7r - b o n d orders 
which vary within certain limits for the individual representatives. Comparative MO-LCGO 
calculations on these species have been presented to evaluate the 7T-bond orders. 8 From 
table 2, it can be seen that the effective 7T-type atomic charges of the cyanates are much more 
localized on the nitrogen than on the oxygen atoms. However, MO calculations by other 
researchers reveal a relatively even distribution of the ionic charge over the terminal atoms 
of the cyanate ion. 9— 
Table I Bond lengths (A) and angles (。）of some pseudohalides (ABC") 
Pseudohalide Angle 
ABC- A—B B - € A—B—C 
N3- (NaN3)5 1.15 1.15 180 
NCO-(AgNCO)6 1.09 1.25 178.2 
NCS-(KNCS)7 1.149 1.689 178.3 
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Table 2 Calculated 7T-atomic charges and jr-bond orders of several pseudohalides. 8 
P^udohalide Effective TT-atoniic charges 7r-bond orders 
anion ABC- Q^ Qb Qq A—B B—C 
N3- -0.8060 +0.6121 -0.8060 1.3874 1.3874 
NCO- -0.7712 -0.0442 -0.1846 1.5503 1.2629 
八 NCS- -0.4826 +0.1934 -0.7108 1.8243 0.7964 
The coordination bond type is generally indicated by the name for derivatives of 
ambivalent pseudohalides. Derivatives of the cyanates (or thiocyanates) having the bond 
type M N C O (or M N C S ) are called isocyanates (or isothiocyanates) while the term 
"cyanate" (or "thiocyanate") apply to complexes of the M~OCN (or M—SCN) type. 
The cyanates preferably form isocyanate complexes. The predominant coordination 
of cyanates via nitrogen are not subject to a very high charge concentration on these atoms; 
it rather appears that the preference given to certain ligator atoms is due to differences in the 
extension and availability of the bonding orbitals of the terminal ligand atoms, or to a 
dominant localization of the highest occupied, molecular orbitals on these atoms. The 
M一NCO bond type prevails among the cyanate derivatives to exhibit less marked 
ambivalence to transition metals but thiocyanates are always found to form coordinate bonds 
via the “soft” sulfur donor atoms to "soft" metal centers. Generally the type of coordination, 
especially that of the thiocyanate ion, is very strongly influenced by a number of factors, 
such as the effects of the other ligands, solvents and counter-ions. In contrast to the 
markedly ambivalent thiocyanate, A^-coordination of cyanate predominates; only a few 
examples of 0-coordination have been established by spectroscopic analysis. 
Triatomic isosteric pseudohalides not only coordinate to metals as monodentate 
ligands, but they also have the ability to act as multidentate ligands when serving as bridges. 
Bridge linkage via one bridgehead atom is characteristic of azide and of cyanate, and is 
known as the end-on bridged or j L i - ( l , l ) mode. Bridge linkage through two end bridgehead 
atoms, called the end-to-end bridged or |j-(1，3) mode, is also found in azide and cyanate 
complexes and predominates in the coordination chemistry of the thiocyanate ligands. In 
addition to the widespread end-to-end thiocyanate bridge, there are also some examples of 
thiocyanate bridging via the bridgehead atom N or S. Hence typical coordination of 
7 
pseudohalides to metals can be classified into three types: (a) terminal (b) end-on bridged 
and (c) end-to-end bridged modes (Fig. 1 (a)—(c)). Behavior as tridentate or tetradentate 
ligands by bridge function of pseudohalides has also been found, especially in thiocyanate 
complexes, but examples are rarely found. 
IL Infrared spectroscopy of pseudohalides 
The common structural features of the pseudohalides are reflected by their IR spectra 
in a characteristic way. Recently, other techniques such as Raman and NMR spectroscopy 
16,17 are also of special importance in structural analysis. Three main bands, v s^CABC), 
Vs(ABC) and 6(ABC), are typical of the isosteric pseudohalides of the ABC" type. 
The coordination modes of pseudohalides to metals have been investigated in detail 
and correlated to the frequency change of IR bands. in general, Vas(ABC) and Vs(ABC) 
bands shift towards higher frequencies when the pseudohalides are coordinated or bridged 
to metals with respect to free pseudohalide ions. The change of frequencies are always 
larger in the end-on bridged mode than in the terminal and end-to-end bridged modes 
subject to changes in their corresponding bond orders, whereas it is difficult to estimate the 
tendency of 6(ABC) when changing the binding modes of the pseudohalides. 
The coordination type of the thiocyanate group affects the C一N and C一S bond 
orders. This leads to a shift of the v(CN) and v(CS) bands as compared with frequencies of 
the free SCN- ion. The v(CN) frequencies of thiocyanate complexes of the various types 
were found to increase in the order NCS— < M—NCS < M—SCN < M—NCS—M. The 
value of the v(CN) frequency, which exceeds the frequency characteristic of the free 
thiocyanate ion (ca. 2040 to 2060 cm-i) by ca, 70—120 cm-i，generally provides the 
principal criterion of an SCN bridge group. This allows a relatively easy detection of the 
existence of bridge bonds in thiocyanate complexes by means of IR spectroscopy. 
However, the v(CS) frequency may either increase or decrease in this case, and cannot be 
used to evaluate the bridging power. 
8 
As the stretching bands v(CN) of the thiocyanates and isothiocyanates frequently lie 
close to one another, the coordination type (M—SCN or M—NCS) is usually determined 
from the position of the v(CS) band. For coordination via suphur, the resonance structure 
N=C—S predominates. This leads to a shift of the v(CS) to lower frequency (ca. 630—730 
cm-i) with a simultaneous shift of the v(CN) to higher frequency. For the isothiocyanates, 
the bond order of the C—S group increases, which leads to a shift of the v(CS) frequency 
from that of the ion to ca, 780—850 c n r � 
In the case ofcyanates, shifts of the v(CN) and v(CO) stretching frequencies towards 
higher frequency are observed for isocyanate complexes compared to the free cyanate ion 
such that v(CN) shift to ca. 2170 to 2250 cnH and v(CO) ca. 1320 to 1350 cm—i for 
terminal isocyanate complexes; v(CN) shift to ca. 2150 to 2210 cnH and v(CO) ca. 1300 to 
1340 cm-i for end-on bridged isocyanate complexes. The energy of deformation bands 
6(NC0) usually appear to be decreased {ca. 585 to 630 cm-i). On the other hand, O-
cyanate complexes shift the v(CO) bands towards lower frequency owing to weakening the 
C—O bonds by coordination of oxygen to metals (ca. 1070 to 1300 cm-i) but the v(CN) 
bands shift towards much higher frequency (ca. 2200 to 2240 cm-i) by an increase in the 
triple bond character of C—N bonds, and the deformation bands 5(0CN) occur in the range 
between ca. 590 and 630 cm-i. 
For metal-azide complexes, end-on bridging mode of coordination of azide exhibits 
Vas(N3) vibrations in the range between ca. 2050 and 2150 cm-i while azide in an end-to-
end bridge and terminal modes may require lower v s^CNj) frequencies. 
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Fig. 1. Typical binding modes of carboxylates and pseudohalides to metal atoms. 
IIL Chemistry of metal carboxylatcs 
Metal carboxylates have been studied for a long time and find wide industrial 
applications in such areas as reagents, soaps, lubricants, catalysts, etc. They are generally 
insoluble in water other than those of the highly electropositive metals. In addition to their 
extensive applications in technology, metal carboxylates also play a principal role in 
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biological systems. There are many active sites in enzymes using their carboxylate groups 
to bind with metal ions. Hence model complexes have recently been designed to probe the 
modes of metal binding to the active sites which contain different kinds of carboxylates. 
Furthermore, substituted carboxylic acids such as amino acids have also been investigated 
extensively in view of their importance in bioprocesses. 
Another interesting feature of the chemistry of metal carboxylates is the wide variety 
of bonding modes exhibited. Carboxylate groups usually exist as monoanions using a pair 
of hard oxygen donors to participate in coordination to metals in a variety of modes as a 
result of their versatile coordination behavior and chemical stability. 
The carboxylate coordination modes have been classified into four typical structural 
types, namely ionic, unidentate, bidentate chelate and bridging which are described as 
follows (Fig. 1 (d)—(m)). 
Ionic carboxylates usually occur with strongly electropositive metals such as sodium 
and potassium. There is little bonding interaction between metal and carboxylate group in 
which two C—O bonds of the carboxylate group are equivalent owing to delocalization of 
the negative charge. A typical example of this type is sodium formate in which the ionic 
nature of the formate group was established by Zachariasen in 1940 ^^  (Fig. 1 (d)). 
Unidentate carboxylates always lose the equivalence of the two C—O bonds as 
found in the ionic form such that the uncoordinated oxygen has a considerably shorter 
C—O bond length than that of the coordinated one. Typical examples are found in 
Li(02CCH3) 2H2O 20, Co(02CCH3)2 4H20 21 and [Et4N][W(C0)502CCH2CN] 22，and 
the unidentate mode often occurs in cobalt(II) and nickel(II) carboxylates (Fig. 1 (e)). 
There are fewer examples of the carboxylate groups chelating to the metal atoms to 
form strained four-membered rings. Symmetrically bidentate chelate is the least favored 
coordination mode of all possible carboxylate ligations and usually occurs with metal atoms 
of large ionic radii. For examples, the acetate group functions as symmetrically bidentate 
chelate (Fig. 1 (f)) in the cases of zinc 23，lead 24，and uranyl ^5-27 complexes while one of 
the four bidentate chelating acetate groups of the tin(IV) complex Sn(02CCH3)4 28 chelates 
the tin(IV) metal in an unsymmetric fashion (Fig. 1 (g)) due to insufficient space around the 
tin atom for eight carboxy oxygens. Furthermore, the chelating carboxy oxygens can further 
coordinate to other metal atoms in tridentate and even tetradentate fashion, i.e. carboxylato-
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Tl-(0,0')-jii-(0,0) (Fig. 1 (h)) orcarboxylato-|u-(0,(9)-Ti-(6>,(9')-|U-(0',0') (Fig. 1 (i))，but 
, they are relatively uncommon among metal carboxylates. The tridentate carboxylates can be 
found in [(H0C6H4C02)2Cd 2H20]2 29, Cd(02CCH3)2 2H2O 30，[MgM2(crotonate)6(4-
vinylpyridine) 2] where M = Zn and Co 3� [U�2N03(sa l icy l ic acid) (dimethylamino-
pyridine)]2 32，and Mn3(02CCH3)6(bpy)2 where bpy = bipyridine 33 whereas there are few 
examples of the tetradentate carboxylates such as lea(l(II) crotonate 24. 
The skeleton of the carboxy group is particularly suitable for the formation of a metal 
carboxylate in which the carboxy group is coordinated to the metal in a bidentate bridging 
mode. The bridging carboxylates have been studied extensively and can be classified into 
four types as shown in Fig.l ⑴一(m). The strongly bridging tendency of carboxylates 
always leads to the common occurrence of oligomeric metal complexes. Of all four modes 
of bridging carboxylates, the syn-syn bridged mode (Fig. 1 (j)) has been paid much 
attention recently, in which the main structural interest is the appreciable metal-metal 
interaction. Particularly in the tetrakis(carboxylato-0,0')-bridge(l dimeric metal complexes 
of general formula M2(RC02)4L2，34—40 the flexible carboxlyate bridges can bring two 
metal atoms close enough to form metal-metal interaction with zero to quadruple bonds that 
have been identified by measurement of magnetic susceptibility, spectroscopic technique and 
X-ray diffraction method. On the other hand, the significantly large metal-metal separations 
may account for the anti-syn 41—46 (Fig. 1 (k)) and anti-anti 43,47 (Fig. 1 (I)) bridging 
caboxylates frequently leading to polymeric structures without metal-metal bonds. The anti-
anti configuration is quite unusual in metal carboxylates, which may be subject to the steric 
rq)ulsion between the alkyl group linked to the carboxy group and the metal atom. 
It is rare to find a metal carboxylate in which the carboxylato group bridges two metal 
atoms with one carboxy oxygen only (i.e. in the monatomic bridged mode), but this is a 
well known bridging mode for alkoxide ligands. This carboxylato-|u-(0,0) mode (Fig. 1 
(m)) can be exemplified by the trimeric [MZn2(crotonate)6(quinoliiie)2] where M = Zn and 
Mn 48,49 and polymeric [Pb3{N(CH2C02)3}2] SH^O. 50 This bonding mode shares a 
similar structural feature with the unidentate mode in that the uncoordinated carboxy oxygen 
has shorter C—O bond length with respect to the coordinated one. The shortage of 
examples of monatomic bridged metal carboxylates may be caused by the fact that the 
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uncoordinated carboxy oxygen always further binds to another metal atom as a tridentate 
carboxy group or shifts to the bidentate bridged mode. 
IV. Infrared spectroscopy of carboxylates 
The characteristic feature of the vibrational spectra of carboxylates comes from the 
o c o stretching frequencies. The positions and the separations of the antisymmetric and the 
symmetric v(OCO) values have been widely used in assigning the binding modes of 
carboxylates with respect to the corresponding ionic carboxylates. 51—53 Hence the 
symmetry of the carboxy group and the break-down in equality of the two C—O bonds in 
unidentate carboxylates forms the basis of the infrared spectroscopic method of detecting 
this form of coordination to differentiate it from both symmetrical chelating and bridging 
carboxylates which maintain the equivalence of the two C—O bonds. The bonding nature of 
the carboxylate group can be surmised from the difference in the antisymmetric and 
symmetric stretching modes of the carboxy segment of the carboxylate ligands. The 
difference in these vibrations [A(OCO) = � “ 0 € 0 ) - "OCO)] can thus be used to estimate 
whether the coordination of carboxylate group to metal is unidentate or chelating/bridging. 
The IR spectra of unidentate carboxylates show a large increase in the antisymmetric 
stretching and a similar decrease in the symmetric stretching OCO frequencies; these 
frequencies correspond approximately to C=0 and C—O respectively. Hence significantly 
larger and smaller A(OCO) values compared to that of ionic carboxylate are indicative of the 
unidentate and chelating/bridging modes, respectively. Generally, larger A(OCO) values for 
bridging than chelating and chelating with bridging may be anticipated but the distinction 
between bridging and chelating modes is rather ambiguous and this should not form the sole 
basis of structural assignment. In addition, a smaller splitting of the carboxylate stretching 
fi^uencies does not exclude the occurence of unidentate coordination, especially in cases of 
approximately equal C—O bonds due to hydrogen bonding between uncoordinated carboxy 
oxygen and aqua ligand. Even different coordination modes of carboxylate coexisting in a 
complex complicates the IR spectra and is difficult to determine by IR spectroscopy only. 
Therefore IR spectra can be used as preliminary examination of coordination modes for the 
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metal carboxylate complexes and also as checking the existence of carboxylate group. The 
clarity about the coordination modes of carboxylates to metals is usually achieved by other 
precise structural information. 
V. Chemistry of betaine ligands 
Betaine, also called lycine, is a neutral molecule composed of an anionic carboxylate 
group and a positively-charged quarternary ammonium moiety. 54 This bipolar structure can 
account for its high melting point (decomposed at ca. 310 ®C) and high solubility in water 
(1.6 g/mL) as compared to common carboxylic acids. It is an important biological base and 
a methyl-transfer agent in amino acid synthesis, 55,56 and is widely distributed in plants and 
animals. The prototype betaine, viz. trimethylammonioacetate (MesN+CHsCO)-， 
abbreviated as bet), and its derivatives trimethylammoniopropionate (MegN+CH^ CHzCOs""， 
prbet) and pyridinioacetate (C5H5N+CH2CO2-，pybet) can be considered as amino acid 
derivatives, especially in regard to their coordination behavior towards metal atoms. Amino 
acids such as proline ^ 7 and its derivatives, 58 and nitrilotriacetic acid 找60 commonly act as 
zwitterionic species to ligate with metal centers. Likewise betaine, as well as its analogues, 
solely existing in zwitterionic form, can use its carboxylate moiety to coordinate with metal 
centers as carboxylate-like ligand. 73 
Betaine and its derviatives can be synthesized by the reaction of trialkylamine or 
pyridine with haloalkanoic acid in an aqueous medium. Betaine was first analyzed in the 
form of its hydrochloride and monohydrate by IR spectroscopy in 1957，54 and later 
structurally characterized by single-crystal X-ray analysis of its hydrochloride in 1970 74 
and of its monohydrate in 1990. 75 Owing to the investigation of their elastic and 
thermalelastic properties, betaine adducts of some acids such as H3PO3 76，H3PO4 77 and 
H3ASO4 78 have been studied by X-ray diffraction method recently. However, metal-betaine 
complexes are seldom investigated by this method till quite recently. The first mercury-
betaine complex has been reported as early as in 1938 79 but the first metal-betaine complex 
to be elucidated by single-crystal X-ray analysis in 1985 is the calcium chloride adduct that 
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contains a bridging betaine ligand in the syn-syn mode. 6i 
There are actually some significant differences in the properties of betaine as 
compared to the common carboxylates in their metal complexes. Firstly, betaine is as a 
whole a neutral ligand with positively charged nitrogen atom exerting an inductive effect to 
enlarge the O—C—O angle and reduce the electronegativity of the carboxylato oxygens 
relative to its analogous anionic carboxylate. Secondly, betaine can coordinate to metal, 
atoms in a varied metal to carboxylate molar ratio under the steric limitation and the 
electronic configuration of the coordination sphere, and can bear additional anionic ligand to 
enrich the structural varieties of metal carboxylates. 
VI. Objectives of this research 
Metal-pseudohalide complexes with insertion of neutral nitrogen donor ligands such 
as pyridine derivatives and polyamines 90—no have been extensively studied in the 
past several decades. In view of the charge build-up that accompanies the binding of 
pseudohalides to a metal ion, it may be difficult to attach one or more anionic carboxylate 
groups to form a metal-carboxylate-pseudohalide system. Mixed-ligand complexes of this 
type are finally achieved by using neutral zwitterionic ligands containing carboxy oxygen 
donors such as amino acids and betaine derivatives instead of anionic carboxylates. The 
permanent bipolar characteristics of betaine ligands may facilitate the charge compensation, 
as we have synthesized a number of metal-betaine complexes bearing additional anionic 
ligands. As zwitterionic ligands, betaine derivatives can be expected to yield metal 
carboxylate complexes in which the metal center can bear additional anionic pseudohalide 
ligands. Versatile binding modes of carboxylates and pseudohalides such as chelating and 
bridging to a metal center enrich structural varieties and probably form oligomeric or 
polymeric aggregates of metal complexes. Hence increasing interest has been devoted to the 
coordination of heavy atom ions through bridging and/or chelating properties of carboxylate 
and bridging pseudohalide ligand simultaneously. 
Although some metal complexes containing zwitterionic carboxylate ligands such as 
amino acids, 57,58 betaine and its derivatives 61—73,79 have been reported, much less is 
known concerning the simultaneous binding of zwitterionic carboxylate group and 
15 
pseudohalide to the same metal atom. 
In the present study, we have isolated a series of nine crystalline complexes, four of 
which being isostructural, in the metal-betaine-pseudohalide system in which the betaine 
derivatives used are trimethylammonioacetate, trimethylammoniopropionate and pyridinio-
acetate, and the pseudohalides chosen are triatomic isosteric azide, cyanate and thiocyanate. 
Their crystal structures have been determined in order to establish the binding mode of 
betaine to metal(II) atom with concomitant coordination of pseudohalide. Despite the 
possible use of magnetic measurements, electronic absorption, and infrared spectroscopy as 
probes to study the nature of coordination in metal complexes, single-crystal X-ray 
diffraction method alone can provide unambiguous structural assignment and precise 
geometrical parameters in the solid state. Diffraction study of these metal complexes may 
also differentiate betaine and its derivatives from the typical carboxylic acids in regard to 
their ligand properties. A systematic synthetic and structural investigation of complexes in 
the metal-betaine-pseudohalide system is presented in this thesis. The significance of their 
structural features and coordination geometries at the metal centers are also discussed. 
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Chapter 2. Experimental 
I. Preparation 
Materials. Sodium azide, sodium cyanate, potassium thiocyanate and zinc(II) 
sulphate heptahydrate were obtained from E. Merck, and cadmium(II) nitrate tetrahydrate 
and copper(II) nitrate trihydrate from Riedel-de Haen. Barium(II) thiocyanate, cobalt(II) 
nitrate hexahydrate and anhydrous betaine were purchased from BDH, Hopkin & Williams 
and Sigma, respectively. Prbet and pybet were synthesized as described previously by the 
reactions of 3-bromopropanoic acid with trimethylamine 63 and of chloroacetic acid with 
pyridine 65，respectively. 
Safety Note. Heavy metal azides are potentially explosive. Only small amounts of 
materials should be prepared, and handled with great caution, and heating must be avoided. 
The attempted preparation of a mercury(II)-betaine-azide complex resulted in explosion 
during slow evaporation of the solvent. 
Densities of the crystals were measured by flotation in CCVdibromoethane. Infrared 
spectra were recorded from KBr pellets in the 4000—400 cm—i range on a Nicolet 205 
FTIR spectrometer. ^H NMR spectra were measured on a Bruker WM-250 superconducting 
FT NMR spectrometer operating at 250.1 MHz and the samples were used with D2O as 
solvent and DSS as internal standard. The existence of metal(II) in some crystals was 
initially determined using a Spectrace 5000 Tracor X-ray fluorometer. 
Preparation of Ligands. 
(CH3)3NCH2CH2C02. 3-Bromopropanoic acid was dissolved in excess aqueous 
trimethylamine and stirred overnight at room temperature. After evaporation of the solution 
under reduced pressure at ca. 70 the yellowish residue obtained was dissolved in a small 
amount of distilled water, which was loaded on an "Amberlite" IRA-93 anion-exchange 
(hydroxide form) column and eluted with distilled water. The resulting solution was then 
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evaporated under reduced pressure at ca. 60 to give a white solid which is very 
hygroscopic. ^H NMR data: 6 2.26 (2H，t, CH2CO2), 3.12 (9H, s, 3CH3)，3.47 (2H, t, 
NCH2). IR data (cm-1): 3423vs, 3030s，3010s, 1620s, 1602vs, 1483s, 1390s, 1300w， 
125 Iw, 984m, 955m, 927m, and 700s. 
C5H5NCH2CO2. Chloroacetic acid was dissolved and stirred in excess pyridine at 
room temperature overnight. The remaining pyridine was filtered off and the white solid 
was washed with ether. The solid product dissolved in a small amount of water was loaded 
on an “Amberlite，，IRA-93 anion-exchange (hydroxide form) column, eluted with distilled 
water, and the resulting solution was distilled at ca, 6 0 � C under reduced pressure to give a 
white powdery product. ^H NMR data: 6 5.28 (2H, s, CH2), 8.11 (2H, t, /w-H-py), 8.62 
(IH, t, /7-H-py), 8.83 (2H, d, o-R-py), IR data (cm-i): 3292s, 3256s, 3090s, 3063s， 
1634s, 1592VS, 1500m, 1489s, 1391s, 984m, 780m，729m, 682s, 607m, and 648m. 
Preparation of Complexes. 
Co2(bet)2(N3)4 (1). To cobalt(II) nitrate hexahydrate (200 mg; 0.69 mmol) in ca. 
15 mL distilled water was added betaine (320 mg; 2.76 mmol) dissolved in a minimum 
amount of water. Upon slowly dropwise addition of aqueous sodium azide (50 mg; 0.77 
mmol in 1 mL water), a deep pink layer appeared at the bottom of the solution. Violet 
primatic crystals of 1，together with a pink precipitate, were isolated by allowing the 
solution mixture to stand for several days. IR data (cm—i): 3395w, 3339w, 3002w, 2959w, 
2089VS, 2061VS, 1610vs, 1485m, 1471m，1454m, 1431s, 1401s，1351s, 1297w, 1238w, 
988w, 957w, 932w, 901m, 72 Iw, 658w, 608w, 56 Iw, and 417w. 
Zn2(bet)2(N3)4 (2). To zinc(II) sulphate heptahydrate (200 mg; 0.70 mmol) in ca, 
10 mL distilled water was added betaine (350 mg; 2.99 mmol) dissolved in a minimum 
amount of water. Upon dropwise addition of aqueous sodium azide (50 mg; 0.77 mmol in 1 
mL water) solution, a white precipitate was formed after ca. 15 min. The precipitate was 
filtered off and the filtrate was allowed to stand overnight. Colorless primatic crystals of 2 
were obtained. IR data (cm-i): 3401w，3346w, 3002w, 2959w, 2097vs, 2066vs, 1618vs， 
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1485s, 1472s，1454m，1419s，1402s, 1349s, 1301w, 1280w, 1239w, 991w, 955w, 931w, 
900m, 721m, 660w，61 Iw, 562w, and 414w. 
Cd2(bet>2(N3)4 (3). To cadmium(II) nitrate tetrahydrate (200 mg; 0.65 mmol) 
dissolved in 10 mL distilled water was added betaine (300 mg; 2.60 mmol) dissolved in a 
minimum amount of water. 1 mL aqueous sodium azide (50 mg; 0.77 mmol) solution was 
added dropwisely and a white precipitate was formed immediately. After the precipitate was 
filtered off, the filtrate was allowed to stand for several hours. Colorless prismatic crystals 
of 3 were obtained. IR data (cnH): 3374w, 3318w, 3002w, 2959w, 2071vs, 2053vs, 
1608VS, 1471m, 1453m, 1426m, 1401s, 1344s, 1293w，1246w, 991w, 955w, 927w, 
899m，716m, 646w, 61 Iw, 597w, 555w, and 407w. 
Cd2(bet)2(NCO)4 (4). To cadmium(II) nitrate tetrahydrate (225 mg; 0.73 mmol) 
in ca. 15 mL water was added betaine (170 mg; 1.5 mmol) dissolved in a minimum amount 
of water. Aqueous sodium cyanate (50 mg; 0.77 mmol in 2 mL water) solution was 
introduced into the solution dropwisely. A white precipitate was formed after a moment. It 
was filtered off and the filtrate was allowed to stand for several days. Colorless polyhedral 
crystals of 4 were obtained at room temperature, which were collected and air-dried. IR data 
(cm-i): 3498W，344Iw, 3381w, 3062w, 3010w, 2967w, 2182vs, 2169vs, 1609vs, 
1486m，1473m, 1455m, 1427m, 1402s, 1347s，1291w, 1239w, 982w, 958w，928m, 
899m, 722m, 658m, 625m, 600w, 553w，and 404w. 
Cu2(bet)2(N3)2(N03)2 (5). Copper(ll) nitrate trihydrate (200 mg; 0.83 mmol) 
and betaine (400 mg; 3.4 mmol) were dissolved together in a minimum amount of distilled 
water. Absolute ethanol (20 mL) was then added to the solution. Aqueous sodium azide 
(0.03 g; 0.46 mmol) was added dropwisely with gentle stirring until a deep green color 
appeared. The solution was allowed to stand overnight. The brown precipitate of Cu(N3)2 
was filtered off, and the filtrate was allowed to stand for several days to yield dark green 
polyhedral crystals of 5. IR data (cm-i): 3367w，3037w, 3023w, 2995w, 2959w, 2101vs, 
2081VS, 1597VS, 1488s, 1478s, 1460s, 1436s, 1406s, 1384s, 1340s, 1331s, 1304s, 
1239w, 998w, 963w, 927w, 902m, 822w, 730m，604w, 586w，567w, and 433w. 
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Cd3(bet)4(SCN)6(I l20)2 (6). A solution containing cadmium(II) nitrate 
tetrahydrate (225 mg; 0.73 mmol) and anhydrous betaine (170 mg; 1.50 mmol) was 
prepared in 20 mL warm absolute methanol. A methanolic solution (3 mL) of potassium 
thiocyanate (140 mg; 1.40 mmol) was added dropwisely with slight shaking. The resulting 
colorless solution was allowed to stand for several days at room temperature, and colorless 
polyhedral crystals of 6 were deposited. They were filtered and air-dried. IR data (cm—i); 
3250VS, br.，2104vs, 2054vs, 1654vs, 1625s, 1595vs, 1483s，1468s, 1449m, 1432m, 
1401m, 1392m, 1340m, 1313s, 123 Iw，981m, 963w, 928m, 903m, 805w, 775w, 743m, 
728m, 604w, 476w, and 459w. 
Cd(prbet)(NCS)2 (7). A mixture of cadmium(II) nitrate tetrahydrate (220 mg; 
0.71 mmol) and prbet (230 mg; 1.75 mmol) was dissolved in 15 mL absolute methanol. 
The solution was set in agitation, and 3 mL methanolic potassium thiocyanate (100 mg; 
1.03 mmol) solution was added dropwisely. The solution became cloudy after complete 
addition. The solution was then filtered and the clear filtrate was allowed to evaporate 
slowly. Crystallization began after several days, and colorless polyhedral crystals of 7 were 
collected and air-dried. IR data (cnri): 3460vs，br., 2065vs, 1624vs, 1567vs, 1479ni, 
1448m, 1432m, 1411m, 1389vs, 1297m, 1274w, 975m, 948m, 921m, 804w, 775w, 
709m, 606w, 523w, and 474w. 
Ba(pybet)2(NCS)2 (8). Barium thiocyanate was recrystallized from aqueous 
ethanol and dehydrated under vacuum to give a white powder. Anhydrous Ba(SCN)2 (250 
mg; 0.99 mmol) and pyridine betaine (230 mg; 1.68 mmol) were each dissolved in ca. 10 
mL warm absolute methanol. The methanolic solution of pyridine betaine was added 
dropwisely to the Ba(SCN)2 solution without agitation. Colorless, cuboid crystals of the 
complex 8 were grown at room temperature by slow evaporation of the colorless solution 
overnight. They were collected and air-dried, and are stable in air for a prolonged period. IR 
data (cm-i): 3125w, 3079w, 3001w, 296Iw, 205Ivs, 1599vs, br” 1484vs, 1436s, 
1393VS, 1378VS, 1306vs, 1206w, 1190m, 1155m, 919m, 849w, 779m, 708vs, 672m, 
612m, 577w, 483w, and 456w. 




(230 mg; 0.79 mmol) and pyridine betaine (380 mg; 2.8 mmol) were dissolved together in 
ca. 15 mL absolute methanol. Potassium thiocyanate (120 mg; 1.2 mmol) dissolved in a 
minimum amount of methanol was introduced into the mixture to form a deep blue solution. 
A pink colloidal precipitate was formed after a moment. It was filtered off, and the filtrate 
was allowed to stand in open air until almost all methanol was evaporated. Deep blue plate-
like crystals of 9 were obtained. IR data (cirri): 3290vs, br” 3039w, 2088vs, 1622vs, 
1486s, 1435W, 1385vs, 1312w, 1298w, 1219w, 1199w，822w, 778w, 713m, 704m, 
616w, and 484w. 
IL X-ray crystallography 
Information concerning crystallographic data collection and structure refinement 
about all complexes is summarized in Tables AI and AIL For each complex, determination 
of the crystal class, orientation matrix and cell dimensions were carried out according to 
established procedures. Data collection were performed in the co-scan mode 121 on a Nicolet 
R3m/V X-ray diffractometer using MoKa radiation (入 = 0 . 7 1 0 7 3人） a t 293K. Crystal 
stability was monitored by recording two check reflections at intervals of 125 data 
measurements, and no significant variations were detected. The intensity data were 
processed with a learnt-profile procedure, 122 and an empirical absorption correction were 
applied by fitting a pseudo-ellipsoid to the ip-scan data of selected strong reflections over a 
range of 20 angles. 123 
The metal atoms in all structures were located by Patterson superposition and the 
remaining non-hydrogen atoms were derived from subsequent difference Fourier synthesis. 
All non-hydrogen atoms were refined anisotropically by full matrix least-squares. Hydrogen 
atoms of the betaine ligands were generated in their idealized positions, assigned fixed 
isotropic thermal parameter, and included in the calculation of structure factors. 
All calculations were carried out on a DEC Micro-Vax II computer using the 
SHELXTL PLUS program package.i24 Analytic expressions of neutral-atom scattering 
factors were employed, and anomalous dispersion corrections were incorporated. As 
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parametei's for the nine crystal structures are presented in Tables BI—BVI，lists of their 
anisotropic thermal parameters in Tables CI—CIX, hydrogen coordinates in Tables 











Chapter 3. Results and discussion 
I. Isostructural complexes Co2(bet) 2(N3)4 1，Zn^Oet) 2(N3)4 2， 
Cd2(be t )2 (N3)4 3 a n d C d 2 ( b e t ) 2 ( N C O ) 4 4 . 
The carboxylate and halide ligands tend to coordinate to metal atoms in bridged 
modes to form catena complexes. Typical examples in which each pair of metals is linked by 
the same or different bridging ligands are found in the complexes [Zn^CM-
02CCHCHCH3)3(02CCHCHCH3)] 45，[Cd(Hpro)Cl2] H2O 57，[Cd(Hhpro)Cl2] 58，and 
[Zn5(0H)2(02CCHCHCH3)8] 126. Similarly, the carboxy groups of betaine ligands and 
triatomic isosteric pseudohalides have comparative bridging properties to bind with metal 
atoms. In order to achieve the common octahedral coordination geometry about metal atom, 
each pair of metals is usually linked by three bridging groups as shown by the following 
structures 1—4. 
Complexes 1—4 belong to the same monoclinic space group C2/c (No. 15) with Z = 
4. Their crystal data are shown below. 
1 2 3 4 
Formula C10H22N14O4C02 C10H22N1404X112 C10H22N 1404^^2 Ci4H22N608Cd2 
F W 520.32 533.20 627.26 627.22 
a(k) 20.749(4) 20.533(4) 20.748(8) 20.727(2) 
b{k) 9.278(2) 9.315(3) 9.417(4) 9.382(1) 
c(A) 12.284(2) 12.311(3) 13.112(3) 13.003(1) 
P(d绍•） 119.88(1) 119.96(2) 121.66(3) 120.74(1) 
V{A?) 2023.9(7) 2040.0(2) 2180.8(3) 2173.8(3) 
D^ (g/cm3) 1.65 1.71 1.92 1.89 
D^ (g/cm3) 1.71 1.74 1.91 1.92 
ji (cm-1) 16.9 24.6 ^ 20.0 
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The isostructural complexes 1 ~ 4 exhibit the following IR carboxy and pseudohalide 
absorption bands (cm-^). 
1 2 3 4 Betaine 
Vas(OCO) 1610VS 16I8vs 1608vs 1609vs 1624vs 
Vs(OCO) 1401s 1402s 1401s 1402s 1388s 
A(OCO) 209 216 207 207 236 
6(OCO) 721w 721m 716m 722m 710m 
Vas(N3) 2061VS, 2089vs 2066vs, 2097vs 2053vs, 207 Ivs 
Vas(NCO) 2169VS，2182vs 
where vs = very strong, m = medium’ w = weak, br = broad intensity, 
as = asymmetric; s = symmetric. 
The separations A between Vas(OCO) and v^ COCO) ranging from 207 to 216 cnH 
are significantly smaller than that in anhydrous betaine (A = 236 cm-i). Hence all the 
complexes 1一4 are consistent with the bridging or/and chelating mode of the carboxy 
group. The bands for azide (or isocyanate) stretches are observed in the high frequency 
range 2053 to 2097 cm-i (or 2169 to 2182 cm-i) which are usually indicative of end-on 
bridging or terminal mode of azido (or isocyanato) coordination. 
Complexes 1 to 4 are isomorphous, having the same basic skeleton and differing 
only with respect to the metal atoms or pseudohalide ligands; bond lengths and angles are 
given in Tables 3 and 4. Their structures are very similar to those of dichloro(proline)-
cadmium(II) hydrate, [Cd(Hpro)Cl2] H2O 57，dichloro(4-hydroxy-L-proline)cadmium(II), 
[Cd(Hhpro)Cl2�58 and 讓-dichloro(betaine)cadniium(n)，[Cd(bet)(|Li-Cl2)]oo 72. In all of 
the above complexes, the amino acids and betaine function as zwitterions and only their 
carboxy groups participate in coordination. 
In each of the complexes 1 to 4，every pair of metal(II) atoms are simultaneously 
bridged by two azide groups (or two isocyanate groups in 4) in the end-on mode and one 
carboxy group of betaine in the syn-syn mode to build up a chain-like, one-dimensional 
polymer running parallel to the c-axis (see Fig. 2 and 3). Both crystallographically 
independent metal atoms occupy special positions in the unit cell: the M( 1) atom is located at 
inversion centre in Wyckoff position 4(a) whereas the M(2) atom is positioned on a 2-axis 
in Wyckoff position 4(e). The coordination geometry about M(l) is a distorted MN4O2 
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Table 3. Bond lengths (A) and bond angles ( � ) for the complexes 1 and 2. 
1 2 1 2 
M(l)…M(2) 3.209(2) 3.230(3) 
M(l)—X(l) 2.129(3) 2.143(4) M(l)—X(4) 2.128(2) 2.116(3) 
M(2)—X(l) 2.163(2) 2.166(3) M(2)—X(4) 2.150(3) 2.200(4) 
M(l>-0(11) 2.141(2) 2.181(3) M(2)-0(12) 2.064(2) 2.063(3) 
X(l)—X(2) 1.185(4) 1.192(5) X(2)—X(3) 1-149(4) 1.153(5) 
X(4)—X(5) 1.180(4) 1.168(5) X(5)—X(6) 1.135(4) 1.146(6) 
0 ( l l ) - ^ ( l l ) 1.243(3) 1.234(5) 0(12)-C(11) 1.260(5) 1.262(6) 
C(il)_C(12) 1.524(4) 1.528(6) N(ll)-C(12) 1.507(5) 1.510(7) 
N(ll)—C(13) 1.498(4) 1.496(5) N(I1)-C(14) 1.499(4) 1.499(6) 
N(ll)—C(15) 1.488(5) 1.491(7) 
X(l)-M(l)-X(4) 81.3(1) 81.7(1) X(l>-M(l)-0(11) 88.3 � 87.9(1) 
X(4>-M(l)-0(11) 87.7(1) 87.6(1) 
X(l)_M(2>-X(l^) 178.5(1) 176.5(2) X(l)-M(2)-X(4) 80.0(1) 79.2(1) 
X(l>_M(2>-X(4ft) 99.0(1) 98.4(1) X(4>-M(2)—X(4Z;) 97.9(2) 96.8(2) 
X(l>_M(2)—0(12) 90.2(1) 91.2(1) X(4)—M(2>-0(12) 86.7(1) 87.0(1) 
0(12)—M(2)—X(l^) 90.8(1) 91.2(1) 0(12)—M(2)—X(4^) 170.2(1) 170.1(1) 
0(12)—M(2)—0(126) 90.0(1) 90.8(2) 
M(1)_X(1)-M(2) 96.8(1) 97.1(1) M(1)~X(4)~MC2) 97.2(1) 96.9(1) 
M(l)—X(l>-X(2) 125.7(2) 125.0(3) M(l)—X(4>-X(5) 118.7(2) 119.4(3) 
M(l>-0(11>-C(ll) 127.8(2) 127.6(3) M(2)—X(l)—X(2) 125.7(3) 125.8(3) 
M(2)-X(4)-X(5) 133.1(3) 132.8(4) M(2)-0(12>-C(ll) 130.1(2) 129.7(2) 
X(l)_X(2)-X(3) 178.9(3) 178.5(5) X(4)—X(5)—X(6) 178.3(5) 178.8(6) 
0(ll)—C(ll)—0(12) 128.2(3) 129.0(4) 0(11)-C(11)—C(12) 110.2(2) 109.8(3) 
0(12>-C(11)-C(12) 121.6(3) 121.2(4) C(ll>-C(12)—N(ll) 119.0(2) 118.8(3) 
C(12>-N(ll)-C(13) 110.2(3) 110.2(4) C(12)-N(ll)-C(14) 107.7(3) 107.7(3) 
C(12)—N(ll)-C(15) 110.8(3) 110.9(3) C(13>-N(ll)-C(14) 108.2(2) 108.0(3) 
C(13)-N(11)-C(15) 111.1(3) 111.6(4) C(14)-N(ll)-C(15) 108.7(3) 108.3(4) 
Symmetry transformation:�-x, y  -z; (b) -x, -y, -1/2-z. 
For 1 and 2, M{n) stands for Co(/i) and Zn(«), and X(//) for _，respectively. 
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Table 4. Bond lengths (A) and bond angles (°) for the complexes 3 and 4. 
3 4 3 4 
Cd(l)…Cd(2) 3.451(2) 3.406(1) 
Cd(l>-X(l) 2.328(4) 2.329(5) Cd(l)-X(4) 2.295(3) 2.298(4) 
Cd(2>-X(l) 2.339(3) 2.341(3) Cd(2>-X(4) 2.366(4) 2.357(5) 
Cd(l)-0(11) 2.345(3) 2.339(4) Cd(2)-0(12) 2.263(3) 2.273(4) 
X(l>-X(2) 1.190(5) 1.165(6) X(2)—X(3) 1.145(5) 1.189(6) 
X(4)—X(5) 1.169(5) 1.109(8) X(5>-X(6) 1.128(6) 1.196(9) 
0(11>_C(11) 1.255(6) 1.251(7) 0(12)-<：(11) 1.235(4) 1.233(5) 
C(11)_C(12) 1.523(5) 1.532(7) N(ll)-C(12) 1.494(7) 1.501(8) 
N(11)-C(13) 1.506(5) 1.488(6) N(ll)-C(14) 1.501(5) 1.476(8) 
N(ll)—C(15) 1.499(7) 1.51(1) 
X(l)-Cd(l>-X(4) 82.7(1) 83.0(2) X(l>-Cd(l>-0(11) 86.4(1) 88.2(2) 
X(4)—Cd(l>-0(11) 87.0(1) 89.3(1) 
X(l)-Cd(2)—X(l^) 174.8(2) 173.1(2) X(l>-€d(2)—X(4) 81.0(1) 81.5(1) 
X(l)_Cd(2)—X(4/7) 95.5(1) 93.8(1) X(4)-€d(2)—X(4^) 96.6(2) 94.6(2) 
X(l)_Cd(2)-0(12) 89.8(1) 92.7(1) X(4)-Cd(2)-0(12) 86.0(1) 8 8 . 3 � 
0 ( 1 2 ) - C d ( 2 ) — 9 3 . 8 ( 1 ) 92.3(1) 0(12)-Cd(2>-X(4/.) 174.4(1) 173.2(1) 
0(12)—Cd(2)—0(12^) 91.9(2) 89.5(2) 
Cd(l)—X(l)-Ccl(2) 95.4(1) 93.7(1) Cd(l>-X(4>-Cd(2) 955(1) 94.0(1) 
Cd(l>-X(l)-X(2) 123.5(3) 126.1(4) Cd(l>-X(4)-X(5) 120.0(3) 122.8(4) 
Cd( l ) -0(11)-C( l l ) 130.3(3) 130.3(4) Cd(2)-X(l)—X(2) 126.5(3) 131.1(5) 
Cd(2)-X(4)—X(5) 131.2(4) 136.6(5) Cd(2>-0(12)-C(ll) 131.2(2) 129.5(3) 
X(l)_X(2)-X(3) 178.4(4) 178.7(7) X(4)-X(5)-X(6) 177.3(6) 179(1) 
0( l l )_C( l l>-0(12) 128.4(4) 128.6(5) 0(11)-C(11)—C(12) 111.2(3) 111.3(4) 
0(12)-C(11)-C(12) 120.4(4) 120.2(5) C(ll)-C(12)—N(ll) 119.5(3) 118.9(4) 
C(12)—N(ll)—C(13) 110.7(4) 111.4(5) C(12>-N(ll)-C(14) 107.8(3) 107.5(5) 
C(12>-N(ll)—C(15) 111.3(3) 109.9(5) C(13)-N(ll)-C(14) 108.0(3) 109.3(4) 
C(13>-N(11)-C(15) 110.9(3) 110.9(5) C(14>-N(ll)-C(15) 108.0(4) 107.6(5) 
Symmetry transformation:�-x, y  -z; {b) -x, -y, - 1/2-z. 
For 3，X(n) stands for N(«). For 4, X(l)—X(6) represent N(l), C(l), 0(1), N(2), C(2) and 0(2) respectively. 
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Fig. 2. Perspective view showing the coordination environment of the M(l) and M(2) atoms in the complexes 1 • and the 
atom numbering scheme. Symmetry transformations are given in Tables 3 and 4. 
x a b © C14 C15 ©X3a 
X2b皇 X^s.^ J^J^^ ^ ^ 
X2 C12a 
x s d 
C15a Oci4a 
Fig. 3. Slereoview of the crystal structure of the complexes 1 - 4 . The origin of the unit cell lies at the lower right comer, with a pointing 
from right to left, b towards the reader, and c upwards. 
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octahedron, with the most distorted angle at 81.3(1)。，in which the carboxy oxygen atoms 
from two betaines occupy the rra/w-axial positions and the nitrogen atoms from four azide 
groups (or four isocyanate groups) are situated in equatorial sites. The M(2) atom exhibits a 
more distorted octahedral MN4O2 environment, the most distorted bond angle about the 
M(2) atom being 79.2(1)。，with the carboxy oxygen atoms in cis positions and the 
remaining coordination sites also occupied by four nitrogen atoms. The distribution of the 
bond lengths and angles among these complexes are trivial, as compared in Tables 3 and 4. 
There is no significant metal-metal interaction in the complexes 1—4 although they 
are all triply bridged with azides (or isocyanates) in the end-on mode and carboxy group in 
the syn-syn mode which favor the shortening of metal-metal distances. The metal-metal 
separations range from 3.209(2) to 3.451(2) A in these four complexes (see Table 5)，being 
significantly larger than that in metallic cadmium 卜3.04入）which has the largest metallic 
radius among Co, Zn and Cd. The bridging azide (or isocyanate) and carboxy groups are 
almost symmetrically coordinated to the metal. It is interesting that the shorter M—N bonds 
are associated with the longer M—O bonds at each metal coordination sphere, or vice versa 
{cf, Table 5). This fact may be attributed to the electronic replusion between the metal-ligand 
bonds or the conserved bond valence of the metal atom. 
Table 5. Metal-metal separations and selected metal-ligand bond lengths (A) of end-on bridging 
azides (isocyanates尸 and syn-syn bridging betaine for the complexes 1 4 . 
1 2 3 4 
M(1)...M(2) 3.209(2) 3.230(3) 3.451(2) 3.406(1) 
M(l)—X(l) 2.129(3) 2.143(4) 2.328(4) 2.329(5) 
M(2)—X(l) 2.163(2) 2.166(3) 2.339(3) 2.341(3) 
M(l)—X(4) 2.128(2) 2.116(3) 2.295(3) 2.298(4) 
M(2)—X(4) 2.150(3) 2.200(4) 2.366(4) 2.357(5) 
M(l)—0(11) 2.141(2) 2.181(3) 2.345(3) 2.339(4) 
M(2>-0(12) 2.064(2) 2.063(3) 2.263(3) 2.273(4) 
以Atom labelling according to the Tables 3 and 4. 
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Table 6t N—N bond distances (A) of azido ligands“ for the complexes 1—3 and 5. 
N(l)—N(2) N(2>-N(3) N(4)—N(5) N(5)—N(6) 
Co2(bet)2(N3)4 1 1.185(4) 1 . 1 4 9 � 1.180(4) 1.135(4) 
Zn2(bet)2(N3)4 2 1.192(5) 1.153(5) 1.168(5) 1.146(6) 
Cd2(bet)2(N3)4 3 1.190(5) 1.145(5) 1.169(5) 1.128(6) 
Cii2(bet)2(N3)2(N03)2 5 1.207(5) 1.142(5) 
^Atorn labelling according to the Tables 3 and 4. 
In the metal-betaine-azide complexes 1—3 and 5，all azido ligands are bridged in 
end-on mode so that the two end nitrogens are somewhat different. In accordance with 
simple bonding theory, the N—N bond lengths between the coordinated and middle 
nitrogens are expected to be slightly longer than those between the remote and middle 
nitrogens, as confirmed by the data in Table 6 which shows bond lengths N(l)—N(2) and 
N(4)—N(5) to be slightly longer than N(2)—N(3) and N(5)—N(6), respectively.^» 
II. Copper(II) complex Cu2(bet)2(N3)2(N03)2 5. 
Copper(II) complexes with carboxylic acids invariably exhibit oligomeric or 
polymeric structures in which the carboxylato oxygens coordinate to two copper atoms in 
the |i-(0,0')-bridging mode. Typical examples are dimeric copper(II) acetate and its 
d e r i v a t i v e s , 3 8 , 5 3 , 1 2 7 - 1 3 1 and hexameric copper(ll) p h e n o x y a c e t a t e . i 3 2 However the 
nitrato ligand, NO3-, which has often been found to behave as monodentate or bidentate 
chelate ligands’i33—i4i seldom shows the |Li-(0,0')-bridging mode in its copper(II) 
complexes. Examples of unsymmetrical jLi-(0,0') nitrato bridging are found in a-
[Cu(N03)2]，i42 Cu(N03)2(02NMe) 143 and Cu(N03)2(NCMe)2.i44 The azido ligand, 
N3- is also a versatile bridging ligand that can link two copper atoms in either an end-on 
(jLi-1,1) 81,145-152 or end-to-end (|li-1,3) mode. 95,153-158 
As a zwitterionic ligand and a neutral analogue of the carboxylate group, betaine can 
conceivably function as a ii-(0,0') bridge between two metal atoms with the insertion of 
other anionic ligands to form multi-ligand bridged metal complexes. This expectation has 
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been fulfilled by the synthesis and characterization of the isostructural series of polymeric 
complexes M2(bet)2(N3)4 (M = Co, Zn, Cd) 1 - 3 and C(i2(bet)2(NCO)4 4 in which the 
metal atoms are bridged by betaine and azide (or isocyanate) ligands. On the other hand, the 
copper-betaine complex Cu(bet)4(N03)2 has been shown to comprise discrete Cu(bet)42+ 
cations with unsymmetrical carboxy chelation and nitrato anions.69 
In the present study, we report the synthesis of a copper complex bridged by betaine, 
nitrate and azide ligands and its structural characterization by single crystal X-ray analysis. 
To our knowledge, this is the first example of a polymeric complex bridged simultaneously 
by three different types of ligands although numerous copper(II) complexes with bridging 
ligands have been widely studied. 
Crystal data: C10H22N10O10CU2, F.W. = 569.50，monoclinic, space group C2/c 
(No. 15)，a = 19.958(6)，b = 9.013(2)，c二 13.180(1) A，p 二 120.00(2)。，V= 2052.8(9) 
人3，Z= 4，Dm = 1.82 g/cm3, D^ = 1.84 g/cnP，|Li = 21.5 c n r � 
The complex 5 exhibits the following IR carboxy absorption bands (cm-i): 
Vas(OCO) at 1 5 9 7 V S and v,(OCO) at 1384vs, 6(OCO) at 730m. The separation (A) of 213 
cm-i between Vas(OCO) and v,(OCO) is significantly smaller than that in uncomplexed 
betaine (Vas(OCO) = I624vs cm—i and v,(OCO) = 1388s cm-i; A = 236 cm—i) 159 and 
hence indicative of the bridging or/and chelating mode of the carboxy group, i^ o Two high 
frequency bands (cm-i) of 2101vs and 208 Ivs were also observed for the azide stretch 
which was estimated to be terminal or end-on bridging linkage. 
The structure contains copper atoms in two crystallographically and chemically 
different environments, as illustrated in Fig. 4. Atom Cu(l), located at an inversion centre 
in Wyckoff position 4(a), is mz似-coordinated by two carboxy oxygens from different 
betaines, two azido nitrogens, and two nitrato oxygens in a distorted octahedral 
environment. The other atom Cu(2), lying on a 2-folded axis in Wyckoff position 4(e), is 
rm/w-coordinated by two nitrato oxygens and OT-coordinated by two carboxy oxygens and 
two azido nitrogens to adopt another distorted octahedral geometry. Every pair of adjacent 
copper atoms, separated by a non-bonded distance of 3.436(1 )A，are simultaneously 
bridged by an azido group, a nitrato group and the carboxy group of a betaine ligand to 
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Fig. 4. Perspective view showing the coordination geometry about the Cu(l) and Cu(2) atoms along the 
polymeric chain in the complex 5 as well as the numbering scheme. Symmetry transformations are 
given in Table 7. 
I 。"丨 丨 2’ 
C �Q ^ J)C{21 
C(3 )^ \ 
Fig. 5. Stereoview of the crystal structure of the complex 5. The origin of the unit cell lies at the lower right comer, with a pointing from 
right to left, b towards the reader, and c upwards. 
漏 
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build up a linear zigzag polymeric chain running parallel to the c-axis. These three different 
ligands extend outward from the backbone of the chain and away from one another in order 
to reduce steric hindrance. The crystal structure is composed of a packing of polymeric 
chains (see Fig. 5). 
In the bridging skeleton, the azido ligand is linked to copper atoms in an end-on (ix-
1,1) fashion and the carboxy group of the betaine ligand adopts an almost syn-syn ix-O^O" 
arrangement with torsion angles Cu(l)—0(1)—C(l)一C(2) = 164.9(3广 and 
Cu(2)—0(2)—C(l)—C(2) = -152.1(3)。，but the nitrato group functions in a non-planar 
57/j-skew iX'0,0' mode with torsion angles �一N(5)—0(5) = -133.9(4)�and 
Cu(2)—0(4)—N(5)—0(5) = 176.9(4)�. This unusual non-planar syn-skcw bridging mode 
of the nitrato group is seldom found in other metal complexes. 
The data in Table 7 shows that the copper-carboxy oxygen bonds are significantly 
stronger than the copper-nitrato oxygen ones (difference - O.SA) such that steric 
overcrowding of the ligands around the metal atom is relieved by twisting the nitrato group 
into a jy«-skew mode. The copper…copper separation (3.436(1) A) is accordingly quite 
long, giving rise to an unusually large Cu(l)—N(2)—Cu(2) angle of 119.5(2)�as compared 
to values observed for other related polymeric metal-betaine-pseudohalide complexes 
(average M—N—M � 9 6 � a s shown in Table 8) and copper-azide complexes in which the 
Cu—N-Cu angles for the | L i - l , l - b r i d g e mode range from 94.6® to 111.2�.8i,i47-i5i The 
short copper-azido nitrogen bonds reveal stronger coordination bond strengths and hence 
the difference between the N—N bond lengths within the azido ligand is more obvious 
when compared with those found in similar complexes (Table 9). However, the 
angle of the betaine ligand is slightly smaller than those of other syn-syn bridged metal 
complexes (also see Table 8) in spite of the large copper copper separation. 
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Table 7 Bond lengths (A) and bond angles (。）for the complex 5. 
C u ( l ) … C u ( 2 ) 3 . 4 3 6 ( 1 ) C u ( l ) - N ( 2 ) 1 . 9 8 5 � 
C u ( l ) - 0 ( 3 ) 2 . 4 1 9 ( 4 ) C u ( l ) - 0 ( 1 ) 1 . 9 9 7 ( 3 ) 
C u ( 2 ) - N ( 2 ) 1 . 9 9 2 ( A ) C u ( 2 ) - 0 ( 4 ) 2 . 4 4 6 ( 3 ) 
C u ( 2 ) - 0 ( 2 ) 1 . 9 6 0 ( 4 ) N ( 2 ) - C u ( l ) - 0 ( 3 ) 9 5 . 5 ( 2 ) 
N ( 2 ) - C u ( l ) - 0 ( 1 ) 9 1 . 6 ( 1 ) 0 ( 3 ) - C u ( l ) - 0 ( l ) 9 2 . 6 ( 1 ) 
N ( 2 ) - C u ( 2 ) - 0 ( 4 ) 8 6 . 9 ( 2 ) N ( 2 ) - C u ( 2 ) - 0 ( 2 ) 9 1 . 0 ( 2 ) 
N ( 2 ) - C u ( 2 ) - N ( 2 b ) 9 5 . 5 ( 2 ) 0 ( 2 ) - C u ( 2 ) - N ( 2 b ) 1 6 7 . 9 ( 1 ) 
0 ( 2 ) - C u ( 2 ) - 0 ( 2 b ) 8 4 . 6 ( 2 ) 0 ( 2 ) - C u ( 2 ) - 0 ( 4 b ) 8 3 . 5 ( 2 ) 
0 ( 4 ) - C u ( 2 ) - N ( 2 b ) 8 4 . 8 ( 2 ) 0 ( 4 ) - C u ( 2 ) - 0 ( 2 ) 1 0 5 . 8 ( 2 ) 
0 ( 4 ) . C u ( 2 ) - 0 ( 4 b ) 1 6 7 . 7 ( 3 ) C u ( l ) - N ( 2 ) - C u ( 2 ) 1 1 9 . 5 � 
C u ( l ) - N ( 2 ) - N ( 3 ) 1 1 8 . 9 ( 3 ) C u ( l ) - 0 ( 3 ) - N ( 5 ) 1 2 4 . 5 ( 3 ) 
C u ( l ) - 0 ( 1 ) - C ( l ) 1 2 9 . 6 ( 3 ) C u ( 2 ) - N ( 2 ) - N ( 3 ) 1 2 1 . 5 ( 3 ) 
C u ( 2 ) - 0 ( 2 ) - C ( l ) 1 3 4 . 4 ( 3 ) C u ( 2 ) - 0 ( 4 ) - N ( 5 ) 1 3 1 . 0 ( 4 ) 
N ( 2 ) - N ( 3 ) 1 . 2 0 7 ( 5 ) N ( 3 ) - N ( 4 ) 1 . 1 4 2 ( 5 ) 
N ( 5 ) - 0 ( 3 ) 1 . 2 4 6 ( 8 ) N ( 5 ) - 0 ( 4 ) 1 . 2 2 4 ( 5 ) 
N ( 5 ) - 0 ( 5 ) 1 . 2 3 2 ( 5 ) 0 ( 1 ) - C ( 1 ) 1 . 2 4 8 ( 5 ) 
0 ( 2 ) - C ( l ) 1 . 2 6 0 ( 7 ) C ( l ) - C ( 2 ) 1 . 5 1 6 ( 6 � 
C ( 2 ) - N ( l ) 1 . 5 0 7 ( 7 ) N ( l ) - C ( 3 ) 1 . 4 9 9 ( 5 � 
N ( 1 ) - C ( 4 ) 1 . 4 8 1 ( 7 ) N ( l ) - C ( 5 ) 1 . 5 0 4 ( 6 ) 
N ( 2 ) - N ( 3 ) - N ( 4 ) 1 7 9 . 1 ( 6 ) 0 ( 3 ) - N ( 5 ) - 0 ( 4 ) 1 2 0 . 5 ( 4 ) 
0 ( 3 ) - N ( 5 ) - 0 ( 5 ) 1 2 0 . 4 ( 4 ) 0 ( 4 ) - N ( 5 ) - 0 ( 5 ) 1 1 9 . 1 ( 5 ) 
0 ( l ) - C ( l ) - 0 ( 2 ) 1 2 7 . 7 ( 4 ) 0 ( 1 ) - C ( 1 ) - C ( 2 ) 1 2 1 . 3 ( 5 ) 
0 ( 2 ) - C ( l ) - C ( 2 ) 1 1 1 . 0 ( 4 ) C ( l ) - C ( 2 ) - N ( l ) 1 1 9 . 2 ( 4 ) 
C ( 2 ) - N ( l ) - C ( 3 ) 1 1 1 . 0 ( 4 ) C ( 2 ) - N ( l ) - C ( 4 ) 1 1 2 . 7 ( 4 ) 
C ( 3 ) - N ( l ) - C ( 4 ) 1 1 0 . 2 ( 4 ) C ( 2 ) - N ( l ) - C ( 5 ) 1 0 6 . 8 ( 4 ) 
C ( 3 ) - N ( l ) - C ( 5 ) 1 0 8 . 0 ( 3 ) C ( 4 ) - N ( l ) - C ( 5 ) 1 0 7 . 9 ( 4 ) 
Symmetry c o d e s : a) - x , - y , - z ; b) - x , y , - h - z . 
\ 
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Table 8. Angles M—N—M and O—C—O (°) for the complexes 1—5 CQntaining betaine and azido (isocyanato) ligands. 
Compounds ^AngleM—N—M Angle O—C—0 
Co2(bet)2(N3)4 1 96.8(1) 128.2(3) 
97.2(1) 
Zn2(bet)2(N3)4 2 96.9(1) 129.0(4) 
“ 97.1(1) 
Cd2(bet)2(N3)4 3 95.4(1) 128.4(4) 
95.5(1) 
Cd2(bet)2(NCO)4 4 93.7(1) 128.6(5) 
“ 94.0(1) 
Cu2(bet)2(N3)2(N03)2 5 1195(2) 127.7(4) 
a Two values are shown for different bridging azides in the complex. 
Table 9. Metal-azide and nitrigen-nitrogen bond lengths (and their differences) (A) for the complexes 
1—3, 5 containing betaine and azido ligands. 
Compounds «M(1>-N(2)哪)~N(2) ^N(2)-N(3)哪卜N(4) ^Differaice 
Co2(bet)2(N3)4 1 2.129(3) 2.163(2) 1.185(4) 1.149(4) 0.036 
2.128(2) 2.150(2) 1.180(4) 1.135(4) 0.045 
Zn2(bet)2(N3)4 2 2.143(4) 2.166(3) 1.192(5) 1.153(5) 0.039 
2.116(3) 2.200(4) 1.168(5) 1.146(6) 0.022 
Cd2(bet)2(N3)4 3 2.328(4) 2.339(3) 1.190(5) U45(5) 0.045 
2.295(3) 2.366(4) 1-169(5) 1.128(6) 0.041 
Cu2(bet)2(N3)2(N03)2 5 1.985(4) 1.992(4) 1.207(5) 1.142(5) 0.065 
a Two values appear since two different bridging azides are bound to the same pair of metal atoms. 
b Difference = [bond length of N(2)—N(3)] 一 [bond length of N(3)—N(4)]. 
III. Cadmium(II) complexes Cd3(bet) 4(SCN) 6 and 
Cd(prbet)(NCS)2 7. 
The crystal structures of carboxylate complexes of cadmium(II) have been 
extensively and structurally investigated. The two following examples, as well as two 
previous cases of Cd2(l)et)2(N3)4 3 and Cd2(bet)2(NCO)4 4，show the large capability of 
different coordination modes of carboxy groups of betaine ligands to the cadinium(II). 
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Furthermore, triatomic isosteric pseudohalides containing hard donor atoms at both ends, 
e.g. azide, cyanate，tend to form end-on bridged mode while others containing one hard and 
one soft donor atoms, e.g. thiocyanate, favor end-to-end bridged mode to the cadmium(II)， 
respectively. 
Crystal data of 6: C26H48Ni(AoS<jCcl3，F.W, = 1190.40，triclinic, space group P\ 
(No. 2)，a = 9.419(2), b = 9.930(2), c = 13.671(3) A, a = 98.28(2), P = 91.33(2)，Y = 
117.40(1)。，V= 1117.6(4) A3, Z= 1，Dm = 1.79 g/cm^, D, = 1.77 g/cm\ ii = 17.4 c n r � 
The complex 6 shows the following IR carboxy absorption bands (cm—i): Vas(OCO) 
at 1654VS, 1595VS and v,(OCO) at 1397s, 6(0C0) at 728m and 743m. One small and one 
large separations (A) of 198 and 257 cm—i between v^ sCOCO) and v,(OCO) are significantly 
smallo- and larger than that in uncomplexed betaine (A = 236 cm-i), and hence smaller and 
larger ones indicative of bridging or/and chelating mode and unidentate mode of the caiboxy 
groups, respectively. The high frequencies (cnH) of v(CN) at 2104vs and 2054vs, as well 
as the moderately high frequencies of v(CS) at 805w and 775w are estimated to be AMxnind 
terminal and/or end-to-end bridging mode of thiocyanate coordination which is also similar 
to the thiocyanate binding in the complex 7 (v(CN) at 2065vs; v(CS) at 804w and 775w). 
The complex 6 consists of cadmium atoms in two chemically different environments 
(see Figure 6). The Cd(l) atom occupies an inversion centre and is surrounded by four 
coplanar nitrogen atoms of end-to-end bridged thiocyanates and two oxygen atoms of trans 
aqua ligands in a CdN402 octahedron. The Cd(2) atom is in a highly distorted octahedral 
environment (0(11)—Cd(2)—0(12) = 54.4(1)。)，being coordinated by one oxygen atom of 
a unidentate betaine, two oxygen atoms from a bidentate chelate betaine, one nitrogen atom 
of a terminal thiocyanate, and two sulpur atoms of end-to-end bridged thiocyanates. The 
distances between Cci(2) and the two carboxy oxygen atoms of the bidentate betaine are 
slightly different (A(Cd—O) « 0.04A) while the C—O bonds have the same length 
(1.248(5)A), so that the chelating mode is almost symmetrical. Bond lengths and angles in 
the complex are listed in Table 10. 
The O—C—O angle (123.8(3)。）of the chelating betaine ligand, being similar to 
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FlR. 6. Perspective view showing the coordination environment of the Cd( I) and Cd(2) atoms in the complex 6 and the atom 
numbering scheme. Symmetry transformations are given in Table 10. 
Cdla 
m A 021f ^ d T ^ S r O ^ ^ p C 2 5 




j Fig. 7. Molecular packing in the crystal structure of the complex 6. The origin of the unit cell lies at the upper 
j left comer, with a pointing downwards, b from left to right, and c towards the reader. 
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Table IQ Bond lengths (人)and bond angles (。）for the complex 6. 
C d ( l ) - N ( 2 ) 2 . 2 8 9 ( 5 ) C d ( l ) - N ( l a ) 2 . 3 4 9 � 
C d ( l ) - 0 ( l w ) 2 . 3 1 8 ( 2 ) 
C d ( 2 ) - S ( l ) 2 . 6 1 2 ( 1 ) C d ( 2 ) - S ( 2 ) 2 . 7 5 9 ( 1 ) 
C d ( 2 ) - N ( 3 ) 2 . 2 2 3 ( 5 ) C d ( 2 ) - 0 ( 1 1 ) 2 . 4 2 6 ( 3 ) 
C d ( 2 ) - 0 ( 1 2 ) 2 . 3 8 7 ( 2 ) C d ( 2 ) - 0 ( 2 1 ) 2 . 2 8 9 ( 3 ) 
S(l)-C(l) 1.651(4) C(l)-N(l) 1.151(5) 
S ( 2 ) - C ( 2 ) 1 . 6 4 4 ( 4 ) C ( 2 ) - N ( 2 ) 1 . 1 4 5 ( 6 ) 
S ( 3 ) - C ( 3 ) 1 . 6 1 2 ( 5 ) C ( 3 ) - N ( 3 ) 1 . 1 5 6 ( 6 ) 
0(11)-C(11) 1.248(5) 0(12)-C(11) 1.248(5) 
C(ll)-C(12) 1.529(5) C(12)-N(ll) 1.493(5) 
N(ll)-C(13) 1.503(7) N(ll)-C(14) 1.507(5) 
N(ll)-C(15) 1.503(4) 0(21)-C(21) 1.271(5) 
0(22)-C(21) 1.212(4) C(21)-C(22) 1.538(5) 
C(22)-N(21) 1.501(5) N(21)-C(23) 1.501(7) 
N(21)-C(24) 1.489(5) N(21)-C(25) 1.490(7) 
0 ( l w ) - C d ( l ) - N ( 2 ) 8 6 . 3 ( 1 ) 0 ( l w ) - C d ( l ) - N ( l a ) 9 6 . 0 ( 1 ) 
N ( 2 ) - C d ( l ) - N ( l a ) 8 9 . 2 ( 2 ) 
S(l)-Cd(2)-N(3) 108.5(1) S(l)-Cd(2)-0(11) 90.7(1) 
S(l)-Cd(2)-0(12) 144.8(1) S(l)-Cd(2)-0(21) 102.3(1) 
S(2)-Cd(2).S(l) 88.0(1) S(2)-Cd(2)-N(3) 92.1(1) 
S ( 2 ) . C d ( 2 ) - 0 ( l l ) 8 7 . 5 ( 1 ) S ( 2 ) - C d ( 2 ) - 0 ( 1 2 ) 8 6 . 0 1 
S(2)-Cd(2)-0(21) 169.2(1) N(3)-Cd(2)-0(11) 160.8(1) 
N(3 -Cd(2)-0(12) 106.4(1) N(3)-Cd(2)-0(21) 87.8(2) 
0(11)-Cd(2).0(12) 54.4(1) 0(11)-Cd(2)-0(21) .89.0(1) 
0(12)-Cd(2)-0(21) 83.6(1) 
C d ( l a ) - N ( l ) - C ( l ) 1 4 5 . 3 ( 3 ) C d ( l ) - N ( 2 ) - C ( 2 ) 1 5 6 . 8 ( 3 ) 
C d ( 2 ) - S ( l ) - C ( l ) 1 0 2 . 4 ( 1 ) C d ( 2 ) . S ( 2 ) - C ( 2 ) 1 0 2 . 9 ( 1 ) 
C d ( 2 ) - N ( 3 ) - C ( 3 ) 1 4 9 . 6 ( 4 ) C d ( 2 ) - 0 ( 1 1 ) - C ( l l ) 8 9 . 9 ( 2 ) 
C d ( 2 ) - 0 ( 1 2 ) - C ( l l ) 9 1 . 7 ( 2 ) C d ( 2 ) - 0 ( 2 1 ) - C ( 2 1 ) 1 1 5 . 6 ( 2 ) 
S ( l ) - C ( l ) - N ( l ) 1 7 6 . 8 ( 4 ) S ( 2 ) - C ( 2 ) - N ( 2 ) 1 7 7 . 7 ( 4 ) 
S ( 3 ) - C ( 3 ) - N ( 3 ) 1 7 8 . 2 ( 6 ) 
0 ( 1 1 ) - C ( i l ) - 0 ( 1 2 ) 1 2 3 . 8 ( 3 ) 0 ( 1 1 ) - C ( 1 1 ) - C ( 1 2 ) 1 1 4 . 7 ( 3 ) 
0 1 2 ) - C ( 1 1 ) - C ( 1 2 ) 1 2 1 . 5 ( 3 ) C ( l l ) - C ( 1 2 ) - N ( l l ) 1 1 8 . 0 ( 3 ) 
C(12)-N(ll)-C(13) 112.4(3) C(12)-N(ll)-C(14) 107.3(3) 
C(13)-N(ll)-C(14) 107.6(4) C(12)-N(ll)-C(15) 110.7(3) 
C(13)-N(ll)-C(15) 109.9(3) C(14)-N(ll)-C(15) 108.8(3) 
0(21).C(21)-0(22) 126.5(3) 0(21)-C(21)-C(22) 111.5(3) 
0(22)-C(21)-C(22) 122.0(4) C(21)-C(22)-N(21) 117.4(3) 
C(22)-N(21)-C(23) 110.4(4) C(22)-N(21)-C(24) 107.6(3) 
C ( 2 3 ) - N ( 2 1 ) - C ( 2 4 ) 1 0 9 . 3 ( 4 ) C ( 2 2 ) - N ( 2 1 ) - C ( 2 5 ) 1 1 1 . 9 ( 3 ) 
C ( 2 3 ) - N ( 2 1 ) - C ( 2 5 ) 1 0 9 . 2 ( 3 ) C ( 2 4 ) . N ( 2 1 ) - C ( 2 5 ) 1 0 8 . 4 ( 4 ) 
Hydrogen bonding ^ 
0(ll)...0(lwa) 2 . 7 7 6 ( 6 ) 0(21)...O(lwd) 2.744(6) 
Cd(l).0(lw).•.O(lla) 1 2 0 . 2 ( 3 ) Cd(l)-O(lw)...0(21e) 129.7(3) 
Cd(2)-0(11).•.O(lwa) 136.9(3) Cd(2)-0(21).•.O(lwd) 116.7(3) 0(21e) . . .0( lw) . . .O( l la) 96.7(3) 
Symmetry t r a n s f o r m a t i o n : a) - x , - y , 1 - z 
b) l ~ x , - y , 1 - z 
c ) 1+x, y , z 
d) X, 1+y, z 
e) X, -1+y, z 
f ) 1 - x , 1 - y , 1 - z 
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those found in related complexes, is significantly smaller than that of the unidentate one 
(126.5(3)®) as a consequence of the constraint imposed by coordination to the Cd(2) atom. 
However, the O—C—O angle of the chelating betaine is still larger than those of typical 
bidentate chelate acetate ligands (usual range-116-121^). The larger O - C - O angle may 
be attributed to the inductive effect of the positively-charged ammonium group of betaine. 
As depicted in Fig. 7, the crystal structure of complex 6 features a one-dimensional 
polymeric chains constructed from the linkage of centrosymmetric, puckered 16-membered 
(一N—C—S—Cci)4 rings. Each ring is composed of two Cd(l) and two Cd(2) atoms and 
four end-to-end bridged thiocyanates functioning in anti and skew modes. The relevant 
torsion angles are 01(1)—N(2)."S(2)—Cd(2) = 一 178.8�and C (la)-N(l) •S(l)-Cd(2) 
:77.0�assuming both thiocyanato groups N ( l ) - C ( l ) - S ( l ) and N(2)-C(2)-S(2) to be 
linear; the latter are in fact almost linear and the bond angles at the central atom are 176.8(4)� 
and 177.7(4广，respectively. The ring is folded in such a way that the cadmium atoms fall at 
the comers of a parallelogram. The adjacent puckered rings share common vertices at the 
Cd(l) atoms to generate an infinite chain running parallel to the a-axis. 
Each of the rm/w-related aqua ligands coordinating with Cd(l) atom forms donor 
hydrogen bonds with the carboxy oxygen atoms belonging to different betaine ligands (see 
Fig. 7). The intra-chain hydrogen bond, with an O O distance of 2.776(6)人 between aqua 
ligand O(lwa) and carboxy oxygen atom 0(11), pulls the bidentate chelate betaine towards 
the bridged thiocyanate group S(l)—C(l)—N(l) and away from the terminal one 
N(3)—C(3)—S(3). The aqua ligand forms another hydrogen bond (O…O = 2.744(6)人） 
with the coordinated oxygen atom of the unidentate betaine in an adjacent chain, thereby 
resulting in a two-dimensional network spread across the ab plane. 
Crystal data of 7: CgHiaNaOsSoCd, F,W. = 359.76, triclinic, space group PI (No. 
2), a : 7.5633(9), b = 8.759(2), c = 10.237(3) A, a = 82.09(2), p = 75.31(2)，Y = 
87.52(1) o，649.7(4)人3，z= 2，D^  = L83 g/cm ,^ D, = 1.84 g/cm�，p = 19.7 c n r � 
The bond lengths and angles of the complex 7 are listed in Table 11. As depicted in 
Fig. 8，each pair of cadmium atoms related by an inversion centre are alternately bridged by 
two |i-l,l oxygen atoms of different prbet ligands to form a 4-membered (—0~Cd)2 ring, 
and by two | i-l ,3 thiocyanate groups to form a 8-membered, chair-like 
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Table 1L Bond lengths (A) and bond angles (� ) for the complex 7. 
C d ( l ) - S ( l ) 2 . 7 0 8 ( 1 ) C d ( l ) - 0 ( 1 1 ) 2 . 4 3 2 ( 3 ) 
C d ( l ) - 0 ( 1 2 ) 2 . 3 4 6 ( 3 ) C d ( l ) - 0 ( 1 2 a ) 2 . 4 8 6 ( 2 ) 
C d ( l ) - N ( 2 ) 2 . 1 7 8 ( 5 ) C d ( l ) - N ( l b ) 2 . 2 5 3 ( 4 ) 
S ( l ) - C ( l ) 1 . 6 4 5 ( 4 ) S ( 2 ) - C ( 2 ) 1 . 6 2 4 ( 5 ) 
N ( l ) - C ( l ) 1 . 1 4 8 ( 5 ) N ( 2 ) - C ( 2 ) 1 . 1 1 3 ( 7 ) 
0 ( 1 1 ) - C ( 1 1 ) 1 . 2 4 5 ( 5 ) 0 ( 1 2 ) - C ( 1 1 ) 1 . 2 7 7 ( 4 ) 
C ( l l ) - C ( 1 2 ) 1 . 5 1 5 ( 4 ) C ( 1 2 ) - C ( 1 3 ) 1 . 5 1 9 ( 5 ) 
N ( l l ) - C ( 1 3 ) 1 . 5 1 7 ( 4 ) N ( l l ) - C ( 1 4 ) 1 . 5 0 3 ( 6 ) 
N ( l l ) - C ( 1 5 ) 1 . 5 0 3 ( 5 ) N ( l l ) - C ( 1 6 ) 1 . 4 9 3 ( 5 ) 
S ( l ) - C d ( l ) - 0 ( 1 1 ) 7 9 . 4 ( 1 ) S ( l ) - C d ( l ) - 0 ( 1 2 ) 9 3 . 4 ( 1 ) 
S ( l ) - C d ( l ) - N ( 2 ) 1 0 3 . 2 ( 1 ) S ( l ) - C d ( l ) . 0 ( 1 2 a ) 1 6 8 . 2 ( 1 ) 
S ( l ) - C d ( l ) - N ( l b ) 9 0 . 8 ( 1 ) 0 ( 1 1 ) - C d ( l ) . 0 ( 1 2 ) 5 4 . 9 ( 1 ) 
0 ( 1 1 ) - C d ( l ) - N ( 2 ) 9 9 . 5 ( 1 ) 0 ( l l ) - C d ( l ) - 0 ( 1 2 a ) 9 6 . 8 ( 1 ) 
0 ( 1 1 ) - C d ( l ) - N ( l b ) 1 5 6 . 5 ( 1 ) 0 ( 1 2 ) - C d ( l ) - N ( 2 ) 1 4 6 . 6 ( 1 ) 
0 ( 1 2 ) - C d ( l ) - 0 ( 1 2 a ) 7 5 . 5 ( 1 ) 0 ( 1 2 ) - C d ( l ) - N ( l b ) 1 0 5 . 1 ( 1 ) 
0 ( 1 2 a ) - C d ( l ) - N ( l b ) 8 8 . 4 ( 1 ) N ( 2 ) - C d ( l ) - 0 ( 1 2 a ) 8 8 . 4 ( 1 ) 
N ( 2 ) - C d ( l ) - N ( l b ) 1 0 3 . 5 ( 1 ) 
C d ( l ) - 0 ( 1 2 ) - C d ( l a ) 1 0 4 . 5 ( 1 ) C d ( l ) - S ( l ) - C ( l ) 1 0 1 . 3 ( 1 ) 
C d ( l ) - N ( 2 ) - C ( 2 ) 1 6 0 . 6 ( 4 ) C d ( l ) - 0 ( 1 1 ) - C ( l l ) 8 9 . 5 ( 2 ) 
C d ( l ) - 0 ( 1 2 ) - C ( l l ) 9 2 . 7 ( 2 ) C d ( l a ) - 0 ( 1 2 ) - C ( l l ) 1 1 3 . 3 ( 2 ) 
C d ( l b ) - N ( l ) - C ( l ) 1 5 6 . 2 ( 3 ) 
S ( l ) - C ( l ) - N ( l ) 1 7 7 . 4 ( 3 ) S ( 2 ) . C ( 2 ) - N ( 2 ) 1 7 9 . 0 ( 4 ) 
0 ( 1 1 ) - C ( 1 1 ) - 0 ( 1 2 ) 1 2 1 . 9 ( 3 ) 0 ( 1 1 ) - C ( 1 1 ) - C ( 1 2 ) 1 2 0 . 9 ( 3 ) 
0 ( 1 2 ) - C ( 1 1 ) - C ( 1 2 ) 1 1 7 . 2 ( 3 ) C ( l l ) - C ( 1 2 ) - C ( 1 3 ) 1 1 1 . 2 ( 3 ) 
N ( l l ) - C ( 1 3 ) - C ( 1 2 ) 1 1 4 . 7 ( 3 ) C ( 1 3 ) - N ( l l ) - C ( 1 4 ) 1 0 7 . 7 ( 3 ) 
C ( 1 3 ) - N ( l l ) - C ( 1 5 ) 1 1 1 . 4 ( 3 ) C ( 1 3 ) - N ( l l ) - C ( 1 6 ) 1 1 1 . 6 ( 3 ) 
C ( 1 4 ) . N ( 1 1 ) - C ( 1 5 ) 1 0 8 . 5 ( 3 ) C ( 1 4 ) - N ( l l ) - C ( 1 6 ) 1 0 9 . 5 ( 4 ) 
C ( 1 5 ) - N ( l l ) - C ( 1 6 ) 1 0 8 . 2 ( 3 ) 
Symmetry t r a n s f o r m a t i o n : a ( - x , - y , 1 - z ) , 
b (-X, 1 - y , 1 - z ) 
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Fig. 8. Perspective view showing the coordination environment of the Cd(l) atom in the complex 7 and the 
atom numbering scheme. Symmetry transformations are given in Table 11. 
Cdlb 
？>6� 
bc2a N1a \ 
®S2a 
Fig. 9. Molecular packing in the crystal structure of the complex 7. The origin of the unit cell lies at the lower left 
comer, with a pointing towards the reader, b from left to right, and c upwards. 
6 0 
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(―N—C—S—Cd) 2 ring. The torsion angle Cd( l )—S( l )…N( l )—Cd( lb ) = 56.0� 
(N(l)—C(l)—S(l) = 177.4(3)。）is comparable to that of cyclohexane in the chair form 
(-60°). The two different types of rings are linked alternately through the cadmium atoms to 
form polymeric chains extending along the 办-axis. Each cadmium atom Cd(l) displays a 
distorted octahedral coordination geometry being coordinated by a chelating carboxy group, 
0(11) and 0(12), a |u-l,l carboxy oxygen 0(12a) of prbet ligands, a terminal A -^bound. 
thiocyanate, and the N and S terminals of two end-to-end bridged thiocyanates. The 
bidentate carboxy group is folded out of the plane of the 4-membered ring ( O ~ C d ) � with 
a dihedral angle of 109.4(1)�along the sharing O—Cd edge. The oxygen bridge is 
asymmetric with the Cd(l)—0(12) and Cd(la)—0(12) bond lengths at 2.346(3) and 
2.486(2)A, respectively. The metal-oxygen bond lengths observed for metal complexes 
containing |li-0,ti-0,0' carboxylato ligands are compared in Table 12. In view of the 
random distribution, it would be difficult to predict the order of such bond lengths in any 
particular complex. 
« r M Combined Monatomic Bridged 
Table 11 The metal-oxygen bond lengths (A) A, B and C in metal carboxylates 
exhibiting the combined monatomic bridged and bidentate chelate mode. 
A B C 
Cd(pibet)(NCS)2 7 2.432(3) 2.346(3) 2.486(2) 
[Cd(HOC6H4COO)2 2H20]2 2.314 2.535 2.271 
Cd(OAc)2.2H20 30 2.294(4) 2.597(3) 2.297(4) 
Ba(pybet)2(NCS)2 8 2.862(3) 2.844(3) 2.724(3) 
[(C7H4N08U)(C7HiiN2)]2^^ 2.563(7) 2.467(7) 2.425(8) 
rHg(pybet)2Cl4.HgCl2]„65 2.60(1) 2.59(1) 2.66(1) 
The combined monatomic bridged and bidentate chelate mode of the prbet ligand may 
be favored by the large radius of cadmium ion, and the insertion of a methylene group 
between the anionic carboxy and positively-charged quarternary ammonium moieties 
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reduces both the steric bulk about the coordination sphere and the inductive effect, resulting 
in a decrease in the O—C—O bond angle (0(11)-~C(11)--0(12) = 1 2 1 . 9 � � ) • Thus prbet 
tends to form more bonds to cadmium as compared to bet. It is noteworthy that 7 is the first 
cadmium-betaine complex found to exhibit the combined monatomic bridged and bidentate 
chelate mode which is quite uncommon among metal carboxylates. 
From all metal-ligand bonds in the complexes 6 and 7, it is noted that the end-to-end 
bridged, bidentate chelating and monatomic bridged ligands have significantly longer 
coordination bonds compared with those of terminal and unidentate ligands. Moreover, the 
distribution of bond lengths involving ligands in different modes of binding to the cadmium 
atoms can be elucidated by simple bond order theory: The higher the bond order, the shorter 
is the corresponding bond. The bond order and bond length distributions over the ligands 
and cadmium atoms in Fig. 10 and Table 13 show a very good correlation. It is however 
difficult to assign bond orders to the combined monatomic bridged and bidentate chelate 
mode, but it can be concluded that their coordination bond strengths are weaker than those 
in the bidentate chelate mode, and so they have longer bond lengths. 
Terminal thiocyanate: Cd N = G S 
End-to-end bridged thiocyanate: c& _ - I^^C^S-垂 -Cd / Unidentate betaine: R ~ Q 
O ~ C d 
/ � � 
Bidentate chelating betaine: r q :Cd where bond order = 1/2 bond order = 1 
Figure 10. Bond order assignment to different binding modes of carboxylate 
and thiocyanate to ca(imium(II). 
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Table 13i Selected bond orders and bond lengths (A) in the complexes 6 and 7. 
Boadordas Bond lengths in 6 Bond lengths in 7 
Terminal thiocyanate Cd—N 1 2.223(5) 2.178(5) 
N—C 2 1.156(6) 1.113(7) 
C—S 2 1.612(5) 1.624(5) 
End-to-end bridged thiocyanate C d - N 1/2 2.349(4), 2.289(5) 2.253(4) 
N—C 5/2 1.151(5)，1.145(6) 1.148(5) 
C—S 3/2 1.651(4), 1.644(4) 1.645(4) 
Unidentate betaine Cd—O 1 2.289(3) 
C—O 2 1.212(4) 
C—O 1 1.271(5) 
Bidentate dielatmg betaine C6-0 1/2 2.426(3) ’ 2.387(2) 
C—O 3/2 1.248(5) 
Combined monatomic bridged C d ~ 0 < 1/2 2.432(3) ’ 2.346(3) ’ 2.486(2) 
and bid^tate chelate betaine C—O < 3/2 1.245(5) ’ 1.277(4) 
According to the Pearson acid-base theory, a thiocyanate ligand coordinated through 
nitrogen represents a hard base, whereas a sulphur-coordinated thiocyanate group is 
considered a soft base. Therefore, thiocyanate is expected to coordinate via its sulphur atom 
to the cadmium atom which Pearson assigned to the group of soft acids due to its large ionic 
radius and low oxidation state. However, in numerous thiocyanato complexes the cadmium 
atom does not always bind to thiocyanate via sulphur. As seen in the case of complexes 6 
and 7，the cadmium atoms seem to prefer A -^bonded thiocyanate, which may result from a 
higher negative charge on the nitrogen atom. 
The present study has shown that betaine and pseudohalide ligands can exhibit 
various coordination modes in the cadmium(II) complexes 3，4，6 and 7. All of them are 
polymeric aggregates due to the versatile bridging capacities of these two kinds of ligands. 
It is noted that the carboxy group in 7 acts in the uncommon monatomic bridging plus 
bidentate chelating mode, which is rarely found among metal carboxylates. Hitherto two 
other examples, namely Ba(pybet)2(NCS)2 8 and [HgCpybethCU.HgCy”，65 have been 
found among the metal complexes of betaines. 
IV. Barium(II) complex Ba(pybet)2(NCS)2 8. 
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The binding of calcium to carboxylates has been extensively studied by Enspahr and 
Bugg 161，who noted that a simple carboxylate can function as either a monodentate or a 
bidentate chelate ligand. Calcium and barium binding with dicarboxylates, especially 
malonates 162,163，have attracted much attention recently. The a-substituted malonate 
derivatives are modeled to elucidate the binding of the amino acid residues y-
carboxyglutamic and p-carboxyaspartic acids to calcium 164—166 and barium I67,i68 in both 
blood and bone proteins. On the other hand, the crystal structures of only a few bariuni(II) 
monocaiboxylates and related complexes are known. The carboxylate group is monodentate 
in BaCCHgCOs)2[N(CH2CH2OH)3h�69，while the mode is found in 
BaNp02(CH3C02)3 2H2O 口� i n which the two carboxylate oxygens chelate to the 
neptunyl atom and one oxygen forms a bridge between it and the barium atom. 
The considerable coordinative flexibility and large ionic radius of the barium(II) atom 
is conducive to its binding with carboxylate groups, thus providing a rationale to our 
attempted synthesis of adducts of barium thiocyanate with betaine derivatives. As a sequel 
to previous studies of calcium-betaine complexes such as Me3NCH2C02 CaCU 2H2O 
and [CaCu(Me3NCH2C02)4(N03)2(H20)]2{[Ca(N0 3)4(H20)]2} i?!，in which the 
carboxylate groups of the betaine ligand bind to calcium in the bridged mode only, we have 
now prepared the first example of a barium-betaine complex, ca/e«a-di(thiocyanato- iV)-
bis(^-pyridinioacetato-0)barium(II), BaCCsHsNCHsCOsWNCS):’ and characterized it by 
single crystal X-ray analysis. 
03;«sm/(/am:Ci6Hi4N404S2Ba，F,W, = 527.80, monoclinic, space group C2/c 
(No. 15), a = 26.858(4), b = 8.433(2), c = 8.729(1) A, p = 90.67(1)。，= 1977.17(4) 
A3, Z 二 4，Dm = 1.79 g/cm3, = 1.77 g/crrP，= 22.4 c n r � 
As shown in Table 14，the OCO infrared absorption bands of the barium complex are 
significantly different from those of pyridine betaine. These differences indicate that the 
carboxylate oxygens are bound to the barium atom to different extents. The separation A (= 
Vag(OCO) 一 Vs(OCO)) in the complex are 206 and 221cm-i，which are much less than that 
(258cm-i) in pyridine betaine. The smaller A values are consistent with their assignment to 
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bridging and/or chelating mode(s) of carboxylate groups 51 • Moreover, The relatively small 
value of2051cm-i for v(C—N) and large value of 849cm-i for v(C—S) are indicative of a 
terminal "-bound thiocyanate ligand rather than an end-to-end bridged one. 
Table 14 Comparison of IR absorption bands (cnT” of the complex 8 and pyridine betaine. 
Assignment Ba(pybet)2(NCS)2 8 C5H5NCH2CO2 64,172 
Vas(OCO) 1599 vs, br 1635 vs 
VgCOCO) 1378 vs, 1393 vs 1377 vs 
A = V贴(OCO) - Vs(OCO) 221,206 258 
5(0C0) 708 m 707 m 
v(C—N) 2051 vs 
v(C—S) 849 w 
where vs = very strong, m = medium, w = weak, br = broad intensity, 
as = asymmetric; s = symmetric. 
The bond lengths and angles of the complex 8 are shown in Table 15. The 
asymmetric unit in the crystal structure corresponds to the empirical formula 
Ba(C5H5NCH2C02)2(NCS)2. The barium atom lies on a crystallographic 2-fold axis. Each 
pair of adjacent barium atoms, related by an inversion centre and separated by a non-bonded 
distance of 4.518(1) A, are bridged by the carboxylato-O groups from two centrosymmetric-
related pyridine betaines to form a four-membered Ba^O) ring (Fig. 11). The resulting 
polymeric zigzag chain extends in the direction of the c-axis. 
As can be seen in Fig. 11，the barium ion is eight-coordinate in the complex, the 
ligand sites being occupied by six oxygen atoms from four pyridine betaines and two 
nitrogen atoms from two terminal thiocyanate ligands. The geometry at barium can be 
described as a distorted form of the dodecahedron found in the classical [Mo(CN)8]‘ 
ion. 
Every barium atom binds to four different pyridine betaine ligands through ix-0 
bridges (two Ba—O = 2.724(3)人）and interactions (two Ba—O = 2.844(3)人 and 
two Ba—O = 2.862(3)人)• The carboxylate group in the present complex thus acts in the 
very unusual carboxylato-r|-0,0' chelating plus ix-0 bridging mode, which is quite rare 
among metal carboxylates 29,30,32，and only three examples have been found among metal 
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Table 15 Bond lengths (A) and bond angles (� ) for the complex 8. 
B a ( l ) - N ( l ) 2 . 7 7 0 ( 5 ) B a ( l ) - 0 ( 1 ) 2 . 7 2 4 ( 3 ) 
B a ( l ) - 0 ( l a ) 2 . 8 4 4 ( 3 ) B a ( l ) - 0 ( 2 a ) 2 . 8 6 2 ( 3 ) 
S ( l ) - C ( l ) 1 . 6 1 3 ( 5 ) N ( l ) - C ( l ) 1 . 1 4 0 ( 7 ) 
0 ( 1 ) - C ( 2 ) 1 . 2 6 3 ( 5 ) 0 ( 2 ) - C ( 2 ) 1 . 2 4 4 ( 4 ) 
C ( 2 ) - C ( 3 ) 1 . 5 2 9 ( 5 ) N ( 2 ) - C ( 3 ) 1 . 4 6 7 ( 5 ) 
N ( 2 ) - C ( 4 ) 1 . 3 5 0 ( 6 ) N ( 2 ) - C ( 8 ) 1 . 3 4 4 ( 5 ) 
C ( 4 ) - C ( 5 ) 1 . 3 6 4 ( 8 ) C ( 5 ) - C ( 6 ) 1 . 3 7 8 ( 8 ) 
C ( 6 ) - C ( 7 ) 1 . 3 8 0 ( 8 ) C ( 7 ) - C ( 8 ) 1 . 3 6 6 ( 8 ) 
0 ( 1 ) - B a ( l ) - N ( l ) 8 2 . 1 ( 1 ) 0 ( 1 ) - B a ( l ) - O ( l a ) 7 1 . 5 ( 1 ) 
N ( l ) - B a ( l ) - 0 ( l a ) 9 4 . 5 ( 2 ) 0 ( 1 ) - B a ( l ) - O ( l b ) 7 7 . 0 ( 1 ) 
N ( l ) - B a ( l ) - 0 ( l b ) 8 7 . 1 ( 1 ) 0 ( 1 ) - B a ( l ) - O ( l c ) 1 4 7 . 9 ( 1 ) 
N ( l ) - B a ( l ) - 0 ( l c ) 9 0 . 2 ( 2 ) 0 ( l a ) - B a ( l ) - O ( l c ) 1 4 0 . 4 ( 1 ) 
0 ( l ) - B a ( l ) - 0 ( 2 a ) 1 1 3 . 5 ( 1 ) N ( l ) - B a ( l ) - 0 ( 2 a ) 1 1 7 . 5 ( 1 ) 
0 ( l a ) - B a ( l ) - 0 ( 2 a ) 4 5 . 9 ( 1 ) 0 ( 1 ) - B a ( l ) - 0 ( 2 c ) 1 5 3 . 8 ( 1 ) 
N ( l ) - B a ( l ) - 0 ( 2 c ) 7 4 . 8 ( 1 ) 0 ( l a ) - B a ( l ) - 0 ( 2 c ) 9 7 . 8 ( 1 ) 
0 ( 2 a ) - B a ( l ) - 0 ( 2 c ) 6 8 . 3 ( 1 ) N ( l ) - B a ( l ) - N ( l b ) 1 6 6 . 2 ( 2 ) 
B a ( l ) - N ( l ) - C ( l ) 1 7 2 . 3 ( 5 ) B a ( l ) - 0 ( 1 ) - C ( 2 ) 1 3 8 . 2 ( 2 ) 
C ( 2 ) - 0 ( 1 ) - B a ( l a ) 9 2 . 0 ( 2 ) C ( 2 ) - 0 ( 2 ) - B a ( l a ) 9 1 . 5 ( 2 ) 
S ( l ) - C ( l ) - N ( l ) 1 7 8 . 9 ( 5 ) 0 ( l ) - C ( 2 ) - 0 ( 2 ) 1 2 5 . 0 ( 3 ) 
0 ( 1 ) - C ( 2 ) - C ( 3 ) 1 1 6 . 3 ( 3 ) 0 ( 2 ) - C ( 2 ) . C ( 3 ) 1 1 8 . 6 ( 3 ) 
C ( 3 ) - N ( 2 ) - C ( 4 ) 1 1 9 . 1 ( 3 ) C ( 3 ) - N ( 2 ) - C ( 8 ) 1 2 0 . 0 ( 4 ) 
C ( 4 ) - N ( 2 ) - C ( 8 ) 1 2 0 . 7 ( 4 ) N ( 2 ) - C ( 3 ) - C ( 2 ) 1 1 1 . 1 ( 3 ) 
N ( 2 ) - C ( 4 ) - C ( 5 ) 1 2 0 . 3 ( 4 ) N ( 2 ) - C ( 8 ) - C ( 7 ) 1 2 0 . 5 ( 5 ) 
C ( 4 ) - C ( 5 ) - C ( 6 ) 1 1 9 . 9 ( 5 ) C ( 5 ) - C ( 6 ) - C ( 7 ) 1 1 9 . 0 ( 5 ) 
C ( 6 ) - C ( 7 ) - C ( 8 ) 1 1 9 . 7 ( 5 ) 
Symmetry t r a n s f o r m a t i o n : a ( - x , - y , 1 - z ) , 
b (-X, y , H - z ) , 
c (X, -y. z-h) 
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Fig. 11. Perspective view showing the coordination environment of the Ba(I) atom in 
the complex 8 and the atom numbering scheme. Symmetry transformations are 
given in Table 15. 。？ 
Jt 發 6 b 
减 63� 
C80 炉 6 � C S c ^ - -
口。 C 6 善 8 c 
O c 7 c 
Fir. 12. Molecular packing in the crystal structure of the complex 8. The origin of the unit cell lies at the upper right comer, with 
a pointing right to left, b downwards, and c towards the reader. 
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complexes ofbetaines. This uncommon binding mode seems to occur when the carboxylate 
groups of betaines coordinate to metal ions of large radii such as mercury(II) 65， 
cacimium(II) and barium(II). 
The Ba(NCS)2 moiety is nonlinear (N(l)—Ba(l)—N(lb) : 166.2(2)A) and bends 
towards the fd-O carboxylato groups as a result of the greater steric repulsion of the 
bidentate chelating pyridine betaines (Fig. 11). The chelate ring of the carboxylate group is 
slightly twisted out of the plane of its neighboring BasO^ ring, making a dihedral angle of 
155.3(1)�with respect to the shared Ba(l)--0(la) edge. 
The Ba—O bond lengths in the complex range from 2.724(3) to 2.862(3)A, which 
are in good agreement with the values observed in previous studies of related compounds. 
167—170,174 The shortest bond involves the ii-O linked carboxylato oxygen (Ba(l)—0(1)= 
2.724(3)A) while the longest bond is formed by the carboxylato oxygen solely engaged in 
monodentate interaction (Ba(l)—0(2a) = 2.862(3)A). 
As might be expected, the jn-carboxylato oxygen 0(1) weakens its associated C—O 
bond to a greater extent than does the monodentate oxygen 0(2). The C(2)—0(1) 
(1.263(5)A) and C(2)—0(2) (1.244(4)A) bond lengths are significantly different but 
intermediate between the usual C—O single and double bond values. It is noteworthy that 
pyridine betaine, with its large ligand bite (O—C—O = 125.0(3)®), reflecting the 
considerable inductive effect of the positively charged pyridinium moiety as found in the 
case of mercury(II) complexes 於，chelates to barium in view of the large ionic size of the 
latter. The O—C—O angles in other metal complexes containing betaine derivatives acting 
in the bidentate chelate mode are compared in Table 16，noting that these values cover a 
fairly large range (121.9(3)—127(2)�). 
Table Id The O—C—O angles (。）of betaine derivatives of some metal complexes 
in bid»itate chelate mode. 
Compound Angle O—C—O Binding mode 
[Cd(bet)(H20)a2]272 123.9(1) Bidentate chelate 
Cd3(bet)4(SCN)6(H20)2 6 123.8(3) Bidentate chelate 
Cd(prbet)(NCS)2 7 121.9(3) Carboxylato-M-0-n-^ >,C>' bridge 
Ba(pybet)2(NCS)2 8 125.0(3) Carbojiylato-|i-0-Ti-C>,0' bridge 
[Hg(pybet)2Cl4.HgCl2]„ 65 127(2) Carboxylato-)i-0-nbridge 
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The crystal structure of the present complex is illustrated in Fig. 12. Along each 
polymeric chain parallel to the c-axis, the pyridine rings are stretched out away from the 
backbone to minimize their mutual steric hindrance. For each pair of adjacent chains related 
by the b translation, the pyridine rings fit together in an interlocking manner to form stacked 
columns running parallel to the chain axis. The tt interaction between the nearly exactly 
overlapping and parallel aromatic rings undoubtedly plays a significant role in conferring 
stability to the molecular packing. Interaction between neighboring chains in the a direction 
is of the van der Waals type. 
The present structural study shows that, owing to its large ionic radius, the binding 
of barium to betaines can be in the bidentate chelate mode even when the 0-<：-—O angle 
becomes quite large. On the other hand, although calcium possesses the ability to adopt a 
wide variety of coordination geometries like barium, hitherto only syn-syn bridged 
carboxylate binding 6U7i has been found. Hence unusual coordination and variable 
binding modes are expected to occur in betaine complexes of metals with large ionic radii. 
V. Cobalt(II) complex [Co(pybet)2(NCS)(H20)3]2[Co(NCS)4] 9. 
In this example, we report the preparation and characterization of a new cobalt(II) 
complex of pyridine betaine (pybet) and thiocyanate, namely triaquabis(pyridinioacetato-
0)(thiocyanato- AOcobalt(l+) tetra(thiocyanato-A0cobaltate(2-), which exists in the 
monomelic form despite the capacity for bridging of these ligands. The crystal structure 
analysis reveals that the carboxy groups of two monodentate pyridine betaines exhibit 
different binding modes, and the cations are linked and stabilized by inter- and intra-
molecular hydrogen bonds between the carboxy oxygens and the aqua ligands. 
Crystal data: C34H40N100,486C03, F,W, = 1181.94, monoclinic, space group 
C2/C (No. 15)，a = 41.99(2)，b = 5.156(1), c = 23.713(9) A,P= 109J9�。，4832(3) 
A3, Z= 4，Z>m = 1.59 g/cm3, D � = 1.62 g/cm^, ju = 13.3 cmH. 
The carboxylate and thiocyanate IR absorption bands for the complex 9 are listed as 
follows: V肪(OCO) at 1622VS and " O C O ) at 1385vs, 6(0C0) at 713m and 704m, v(NC) 
at 2088VS, and v(CS) at 822w and 778w. The separation A between v s^COCO) and 
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Vs(OCO), 237 cm-i, is significantly smaller than that of uncomplexed pybet (258 cm-i) 172 
and similar to that of the pybet-bridged complex [Mn(pybet)(H20)2]Cl2 (234 cm-”. ^ This 
smaller A value, indicative of the chelating or/and bridging mode(s) of carboxylate group, is 
suggestive of the formation of inter- and intra-molecular hydrogen bonds between the pybet 
and aqua ligands. The thiocyanate vibrations appear to be //-bound terminal thiocyanate 
group rather than others due to quite large value of v(CS) frequencies. 
The bond lengths and angles of the complex 9 are listed in Table 17. As depicted 
from Fig. 13，the crystal structure consists of discrete [Co(pybet)2(NCS)(H20)3r cations 
and tetrahedral [Co(NCS)4p- anions in a 2:1 molar ratio. In the anion of crystallographic 
symmetry 2, the cobalt atom Co(2) is coordinated by four terminal thiocyanate ligands in a 
slightly distorted tetrahedral environment with Co—N bond lengths of 1.941(9) and 
1.970(9)人.In the cation, the cobalt atom Co(l) is coordinated by the carboxy oxygens of 
two monodentate pyridine betaine ligands [2.121(6), 2.079(6) A] in mz^-positions，three 
aqua ligands [2.079(6)—2.185(6) A], and a //-bonded terminal thiocyanate group in a 
slightly distorted octahedral arrangement in which the most distorted angle is 
N(l)_Co(l)—0(21) = 99.0(3)0. Hydrogen bonding plays an important role in the 
structure motif and even affects the bonding modes of the carboxy groups of pyridine 
betaines. As shown in Fig. 13，aqua oxygen 0(lw) forms an intermolecular donor 
hydrogen bond with the coordinated carboxy oxygen 0(21d) [2.76(1) A]. Aqua oxygen 
0(2w) forms an intramolecular donor hydrogen bond with the uncoordinated carboxy 
oxygen 0(12) of a nearly coplanar pyridine betaine [2.70(1) A] and an intermolecular donor 
hydrogen bond with the uncoordinated carboxy oxygen 0(22c) of another pyridine betaine 
[2.69(1) A]. On the other hand, aqua ligand 0(3w) is not at all involved in hydrogen 
bonding and accordingly forms a stronger coordinate bond to the Co(l) atom than 0(lw) 
and 0(2w) [see Table 17]. The two monodentate pyridine betaines coordinate to the metal 
atom in different ways: the first carboxy group can be described as acting in a “pseudo-
chelating" or syn-monodentate fashion due to the existence of the intramolecular hydrogen 
bond 0(12)...0(2w) with torsion angle Co(l)—0(11 )--C( 11)—0(12) = 一 7 ( 1 ) � ’ whereas 
the second coordinates to the metal in an unusual aAifz-monodentate fashion under the 
influence of the intermolecular hydrogen bond between uncoordinated carboxy oxygen 
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Table 17. Bond lengths (A) and bond angles for the complex 9. 
C o ( l ) - N ( l ) 2 . 0 4 2 ( 7 ) C o ( l ) - O ( l l ) 2 . 1 2 1 ( 6 ) 
C o ( l ) - 0 ( 2 1 ) 2 . 0 7 9 ( 6 ) C o ( l ) - O ( l w ) 2 . 1 8 5 ( 6 ) 
C o ( l ) - 0 ( 2 w ) 2 . 1 5 2 ( 5 ) C o ( l ) - 0 ( 3 w ) 2 . 0 7 9 ( 6 ) 
C o ( 2 ) - N ( 2 ) 1 . 9 4 1 ( 9 ) C o ( 2 ) - N ( 3 ) 1 . 9 7 0 ( 9 ) 
S ( l ) - C ( l ) 1 . 6 2 5 ( 8 ) S ( 2 ) - C ( 2 ) 1 . 6 3 ( 1 ) 
S ( 3 ) - C ( 3 ) 1 . 6 2 ( 1 ) N ( l ) - C ( l ) 1 . 1 5 ( 1 ) 
N ( 2 ) - C ( 2 ) 1 . 1 7 ( 1 ) N ( 3 ) - C ( 3 ) 1 . 1 6 ( 1 ) 
0 ( 1 1 ) - C ( 1 1 ) 1 . 2 7 ( 1 ) 0 ( 1 2 ) - C ( 1 1 ) 1 . 2 2 9 ( 9 ) 
0 ( 2 1 ) - C ( 2 1 ) 1 . 2 8 ( 1 ) 0 ( 2 2 ) - C ( 2 1 ) 1 . 2 4 ( 1 ) 
C ( l l ) - C ( 1 2 ) 1 . 5 2 ( 1 ) N ( l l ) - C ( 1 2 ) 1 . 4 8 4 ( 9 ) 
N ( l l ) - C ( 1 3 ) ‘ 1 . 3 4 ( 1 ) N ( l l ) - C ( 1 7 ) 1 . 3 3 ( 1 ) 
C ( 1 3 ) - C ( U ) 1 . 3 9 ( 1 ) C ( 1 4 ) - C ( 1 5 ) 1 . 3 5 ( 1 ) 
C ( 1 5 ) - C ( 1 6 ) 1 . 3 8 ( 2 ) C ( 1 6 ) - C ( 1 7 ) 1 . 3 8 ( 1 ) 
C ( 2 1 ) - C ( 2 2 ) 1 . 5 1 ( 1 ) N ( 2 1 ) - C ( 2 2 ) 1 . 4 7 ( 1 ) 
N ( 2 1 ) - C ( 2 3 ) 1 . 3 5 ( 1 ) N ( 2 1 ) - C ( 2 7 ) 1 . 3 4 ( 1 ) 
C ( 2 3 ) - C ( 2 4 ) 1 . 3 9 ( 1 ) C ( 2 4 ) - C ( 2 5 ) 1 . 3 6 ( 1 ) 
C ( 2 5 ) - C ( 2 6 ) 1 . 3 6 ( 1 ) C ( 2 6 ) - C ( 2 7 ) 1 . 3 8 ( 1 ) 
N ( l ) - C o ( l ) - O ( l l ) 8 8 . 8 ( 3 ) N ( l ) - C o ( l ) - 0 ( 2 1 ) 9 9 . 0 ( 3 ) 
N ( l ) - C o ( l ) - O ( l w ) 9 2 . 0 ( 3 ) N ( l ) - C o ( l ) - 0 ( 2 w ) 1 7 7 . 9 ( 3 ) 
N ( l ) - C o ( l ) - 0 ( 3 w ) 9 3 . 7 ( 3 ) 0 ( 1 1 ) - C o ( l ) - 0 ( 2 1 ) 1 7 1 . 5 ( 2 ) 
O ( l l � - C o ( l ) - O ( l w ) 8 5 . 4 ( 2 ) O ( l l ) - C o ( l ) - O ( 2 w ) 8 9 . 3 ( 2 ) 
O ( l l ) - C o ( l ) - O ( 3 w ) 9 1 . 7 ( 2 ) O ( 2 1 ) - C o ( l ) - O ( l w ) 9 0 . 6 ( 2 ) 
O ( 2 1 ) - C o ( l ) - O ( 2 w ) 8 3 . 0 ( 2 ) 0 ( 2 1 ) - C o ( l ) - 0 ( 3 w ) 9 1 . 5 ( 2 ) 
O ( l w ) - C o ( l ) - O ( 2 w ) 8 8 . 7 ( 2 ) 0 ( l w ) - C o ( l ) - 0 ( 3 w ) 1 7 3 . 5 ( 2 ) 
O ( 2 w ) - C o ( l ) - O ( 3 w ) 8 5 . 5 ( 2 ) N ( 2 ) - C o ( 2 ) - N ( 3 ) 1 0 7 . 6 ( 3 ) 
N ( 2 ) - C o ( 2 ) - N ( 2 a ) 1 1 3 . 0 ( 6 ) N ( 2 ) - C o ( 2 ) - N ( 3 a ) 1 0 6 . 7 ( 4 ) 
N ( 3 ) . C o ( 2 ) - N ( 3 a ) 1 1 5 . 4 ( 5 ) C o ( l ) - N ( l ) - C ( l ) 1 6 5 . 5 ( 8 ) 
C o ( l ) - O ( l l ) - C ( l l ) 1 3 0 . 3 ( 5 ) C o ( l ) - O ( 2 1 ) - C ( 2 1 ) U 2 . 4 ( 5 ) 
C o ( 2 ) - N ( 2 ) - C ( 2 ) 1 7 5 . 5 ( 9 ) C o ( 2 ) - N ( 3 ) - C ( 3 ) 1 7 1 . 4 ( 9 ) 
S ( 1 ) - C ( 1 ) . N ( 1 ) 1 7 8 . 7 ( 8 ) S ( 2 ) - C ( 2 ) - N ( 2 ) 1 7 6 . 9 ( 9 ) 
S ( 3 ) - C ( 3 ) . N ( 3 ) 1 7 8 . 0 ( 9 ) 0 ( 1 1 ) - C ( l l ) - 0 ( 1 2 ) 1 2 7 . 2 ( 8 ) 
0 ( 1 1 ) - C ( 1 1 ) - C ( 1 2 ) 1 1 2 . 5 ( 6 ) 0 ( 1 2 ) - C ( 1 1 ) - C ( 1 2 ) 1 2 0 . 3 ( 7 ) 
N ( l l ) - C ( 1 2 ) - C ( l l ) 1 1 2 . 3 ( 6 ) C ( 1 2 ) . N ( 1 1 ) - C ( 1 3 ) 1 1 9 . 1 ( 6 ) 
C ( 1 2 ) - N ( l l ) - C ( 1 7 ) 1 1 9 . 2 ( 7 ) C ( 1 3 ) - N ( l l ) - C ( 1 7 ) 1 2 1 . 7 ( 7 ) 
N ( l l ) - C ( 1 3 ) - C ( 1 4 ) 1 1 9 . 4 ( 7 ) N ( l l ) - C ( 1 7 ) - C ( 1 6 ) 1 2 0 . 2 ( 9 ) 
C ( 1 3 ) - C ( 1 4 ) . C ( 1 5 ) 1 1 9 . 5 ( 9 ) C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 1 2 0 . 3 ( 8 ) 
C ( 1 5 ) - C ( 1 6 ) - C ( 1 7 ) 1 1 8 . 8 ( 8 ) 0 ( 2 1 ) - C ( 2 1 ) - 0 ( 2 2 ) 1 2 4 . 4 ( 7 ) 
0 ( 2 1 ) - C ( 2 1 ) - C ( 2 2 ) 1 1 6 . 3 ( 7 ) 0 ( 2 2 ) - C ( 2 1 ) - C ( 2 2 ) 1 1 9 . 3 ( 7 ) 
N ( 2 1 ) - C ( 2 2 ) - C ( 2 1 ) 1 1 1 . 8 ( 7 ) C ( 2 2 ) - N ( 2 1 ) - C ( 2 3 ) 1 1 9 . 0 ( 7 � 
C ( 2 2 ) - N ( 2 1 ) - C ( 2 7 ) 1 2 0 . 3 ( 7 ) C ( 2 3 ) - N ( 2 1 ) - C ( 2 7 ) 1 2 0 . 7 ( 8 ) 
N ( 2 1 ) - C ( 2 3 ) - C ( 2 4 ) 1 1 8 . 9 ( 8 ) N ( 2 1 ) - C ( 2 7 ) - C ( 2 6 ) 1 2 1 . 1 ( 8 ) 
C ( 2 3 ) - C ( 2 4 ) - C ( 2 5 ) 1 2 0 . 1 ( 8 ) C ( 2 4 ) - C ( 2 5 ) - C ( 2 6 ) 1 2 0 . 1 ( 9 � 
C ( 2 5 ) - C ( 2 6 ) - C ( 2 7 ) 1 1 9 . 0 ( 9 ) 
Hydrogen b o n d i n g 
0 ( l w � . . . 0 ( 2 1 d ) 2 . 7 6 ( 1 ) 0 ( 2 w ) . . . 0 ( 1 2 ) 2 . 7 0 ( 1 ) 
0 ( 2 w ) . . . 0 ( 2 2 c ) 2 . 6 9 ( 1 ) C o ( l ) - O ( l w ) . . . 0 ( 2 1 d ) 1 1 5 . 1 ( 6 � 
C o ( l ) - 0 ( 2 w ) . • . 0 ( 1 2 ) 9 0 . 0 ( 6 ) C o � - 0 ( 2 w ) . • . 0 ( 2 2 c ) 1 0 8 . 1 ( 6 ) 
0 ( 1 2 ) . . . 0 ( 2 w ) . . . 0 ( 2 2 ( 0 1 2 5 . 6 ( 8 ) 
Symmetry t r a n s f o r m a t i o n : a (l-x, j• -h-z) 
b ( x , 7-1, z) 
c ( I H - x , H-y, - z ) 
d (X, 1+y, z ) 
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FIjU 13. Perspective view showing the coordination environment of the Co(l) and Co(2) atoms in the complex 9 and the 
atom numbering scheme. Symmetry transformations are given in Table 17. 
®S3a 
k c 3 � 
Q N 3 a 
S2 02wc 
N2 022c 9 C26 
C15 C12 03w SI 
C14 C13 
Rg. 14. Molecular packing in the crystal structure of the complex 9. The origin of the unit cell lies at the lower right 




0(22) and aqua oxygen 0(2wc), with a torsion angle Co( 1)—0(21)—C(21)—0(22) of 
-179.4(6)°. The "pseudo-chelating" mode of carboxylato groups occurs frequently in 
typical cobalt(II) and nickel(II) carboxylate complexes such as tetraaquabis(/7-
nitrobenzoato)cobalt(II) dihydrate, 175 bis( iV-tosylglycinato)tetraaquacobalt(II), 176 
tetraaquabis(4-carboxyphenoxyacetato)cobalt(II) and tetraaquabis(4-carboxyphenoxy-
acetato)nickel(II) ,� tetraaquabis( m-chlorobenzoato)nickel(II), 178 and tetraaquabis-
(chloroacetato)nickel(II) dihydrate. 179 Recently, this binding mode has also been found in 
the cobalt(II) and nickel(II) complexes of betaine and its derivative, namely 
[Ni(bet)2(H20)4](N03)2’ [Co(pybet)4(H20)2l.2[Co(pybet)Cl3]冗 and [Co(bet)2(H20)4� 
0 2 4H2O. 180 However, the uncommon anti -monodentate mode of carboxylato 
coordination is rarely found in metal complexes and to our knowledge, this is the first 
example among cobalt(II) complexes of carboxylate-like ligands. The relatively small 
differences 卜0.04A) between the two C—O bond lengths in the two independent carboxy 
groups [1.27(1), 1.23(1); 1.28(1), 1.24(1) A] in the cation result from the formation of 
moderately strong intra- and inter-molecular hydrogen bonds between the carboxy oxygens 
and aqua ligands, as compared with the clearly distinguishable bond lengths found in purely 
monodentate carboxylate ligands. 53 
Hydrogen bonding plays an essential role to consolidate the crystal lattice. From Fig. 
14，it may be seen that the [Co(pybet)2(NCS)(H20)3]+ cations are linked to each other by 
intermolecular hydrogen bonds involving 0(2w) to form centrosymmetric dimers that are 
further hydrogen-bonded through 0(lw) to generate a column running parallel to the 办-axis. 
The crystal structure is built of a packing of such columns and discrete [Co(NCS)4p-
anions. 
In both cations and anions of the present complex, all thiocyanate ligands coordinate 
to cobalt(II) atoms only with their terminal nitrogens rather than making use of the sulphurs 
or both types of atoms in the bridging mode, showing that the cobalt(II) ion should be 




As seen from Table 18，the usually large O—C—O angles, especially in the syn-syn 
bridged mode, of the carboxy groups of betaines, mainly caused by the inductive effect of 
the positively-charged quarternary ammonium group, are the special feature of betaine 
ligands as compared to common monocarboxylates. The average values of the O C ~ O 
angles of betaines generally vary in this order: syn-syn bridged (-128®) > unidentate (-126®) 
> bidentate chelate (-123®). Therefore, it may be concluded that the chelating and bridging 
• » 
betaines always have larger Q—C—O angles (by ca. 3 � ) than those in typical carboxylates 
(syn-syn bridging mode -125�and bi entate chelate --120®). 
Table 18. Bond angles O—C—O in different carboxylate binding modes of betaine ligands. 
O~C—O angles Binding modes of betaines 
Co2(bet)2(N3)4 1 128.2(3) 0，） 
Zn2(bet)2(N3)4 2 129.0(4) M-(O.O') 
Cd2(bet)2(N3)4 3 128.4(4) 
Cd2(bet)2(NCO)4 4 128.6(5) 
Cii2(bet)2(N3)2(N03)2 5 127.7(4) \x-{0,0，） 
Cd3(bet)4(SCN)6(H20)2 6 123.8(3) 
126.5(3) unidentate 
Cd(prbetXNCS)2 7 121.9(3) 
Ba(pybet)2(NCS)2 8 125.0(3) t H ^ ^ O M O 
[Co(pybet)2(NCS)(H20)3�2[Co(NCS)4�9 127.2(8) unidentate 
124.4(7) unidentate 
The zwitterionic betaine ligands usually form polymeric structures, as in complexes 
with the insertion of simple triatomic pseudohalide anions. The versatile coordination 
modes of the carboxy groups of betaine ligands and pseudohalides give rise to the some 
new structural features in their metal complexes. Therefore, further variations in the crystal 
structures of metal-betaine complexes may be achieved by using more flexible ligands 
instead of simple pseudohalides. Multidentate or macrocyclic ligands such as nitrilotriacetic 
acid 59,60,181—188，malonic acid and their derivatives i62 —168 may be considered in future 
schemes. Our initial studies have shown that their tendency to form coordination bonds are 
higher than those of betaine ligands so that metal complexes are formed without the 
participation of the latter. It is nevertheless worthy to proceed along this line using other 
synthetic methods to incorporate betaine ligands in these complexes in view of the potential 
development of unusual coordination and new structures. 
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Residua] extiema in diff. 








R : lA/ZjFJ , Rg : [£w
a2/iw
|f
|^2]1/2 and 5 = [w
a2/(/i - 
where w = [oHF^) + 幻
/^2]-1, 
A = \\FJ - IFJ; Kx 10^^ = 3,2, 1, 3 and 1 for complexes 1,2, 3, 4 and 5 respectively. 
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Residual extrema in diff. 









 X 104 = 3, 2, 5 and 3 for complexes 6, 7, 8 and 9 respectively. 
Table BL Atomic coordinates (x 10^ for M and Cd; x 10^ for other atoms) and equivalent isotropic thermal 
parameters* (A^ x 10^ for M and Cd; x ICP for other atoms) for the complexes 1,2, 3 and 4. 
Atom X y z U^ x y z U^ 
Co2(bet)2(N3)4 1 Zn2(bet)2(N3)4 2 
M(l) 0 0 0 221(2) 0 0 0 265(3) 
M(2) 0 10030(5) 25000 217(2) 0 10506(6) 25000 245(3) 
X(l) 759(1) 973(3) 4508(2) 29(1) 761(2) 980(4) 4506(3) 32(1) 
X(2) 1417(2) 768(3) 5015(2) 32(1) 1419(2) 752(4) 5011(3) 35(1) 
X(3) 2056(2) 592(4) 5504(3) 62(2) 2059(2) 564(6) 5503(4) 6 5 � 
X(4) -572(2) -519(3) 3054(2) 32(1) -575(2) -517(4) 3069(3) 37(2) 
X ( 5 ) 一781 ⑵ 一1714(3) 2747(2) 41(1) -780(2) -1694(4) 2755(3) 46(2) 
X(6) -991(3) -2861(3) 2468(3) 103(3) -982(4) -2850(5) 2467(5) 110(4) 
CKll) -^39(1) 2577(2) 2716(2) 31(1) -^44(2) 2606(3) 2709(2) 34(1) 
0(12) -620(1) 1979(2) 4508(2) 31(1) -625(2) 2014(3) 4499(2) 36(1) 
C(ll) -819(2) 2725(3) 3552(2) 25(1) -820(2) 2747(4) 3551(3) 27(1) 
C(12) 一 1 3 5 1 ( 2 ) 4002(3) 3245(3) 34(1) -1354(2) 4020(4) 3240(3) 37(2) 
N(l l) -1556(2) 4491(3) 4205(2) 32(1) -1560(2) 4502(4) 4200(3) 34(1) 
C(13) -866(2) 4966(4) 5381(3) 51(2) -873(3) 4981(5) 5372(4) 55(2) 
C(14) -2073(2) 5762(4) 3669(4) 6 1 � — 2 0 7 7 ( 3 ) 5767(5) 3667(5) 59(3) 
C(15) 一 1 9 5 7 ( 2 ) 3328(4) 4473(3) 50(2) -1966(3) 3344(5) 4459(5) 52(3) 
Cd2(bet)2(N3)4 3 Cd2(bet)2(NCO)4 4 
Cd(l) 0 0 0 320(2) 0 0 0 302(2) 
Cd(2) 0 11462(3) 25000 295(2) 0 10840(4) 25000 278(2) 
X(l) 851(2) 1033(3) 4571(2) 41(1) 870(2) 933(5) 4554(3) 40(2) 
X(2) 1502(2) 719(3) 5067(3) 42(1) 1513(3) 706(6) 5072(4) 4 2 � 
X(3) 2134(2) 449(5) 5546(3) 77(2) 2171(2) 492(7) 5618(4) 8 6 � 
X(4) -646(2) -525(3) 2993(3) 50(2) 425(2) --620(5) 3011(3) 43(2) 
X(5) -«36(2) -1692(4) 2671(3) 5 3 � 一 8 7 8 ( 4 ) -1687(7) 2686(4) 60(3) 
X(6) -1047(4) -2804(5) 2347(4) 120(4) -1164(5) -2828(7) 2331(6) 149(6) 
CKll) -675(2) 2817(3) 2783(2) 48(1) 一76(2) 2804(4) 2761(3) 4 7 � 
0(12) -^34(2) 2188(3) 4466(2) 51(1) -^11(2) 2206(4) 4478(3) 50(2) 
C(l l) -838(2) 2941(3) 3575(3) 37(2) -833(2) 2930(4) 3566(3) 35(2) 
C(12) 一 1 3 5 5 ( 2 ) 4209(4) 3327(3) 4 8 � - 1 3 7 2 ( 3 ) 4176(6) 3309(4) 47(2) 
N(ll) -1581(2) 4586(3) 4204(3) 39(1) -1573(2) 4572(4) 4229(3) 39(2) 
C(13) -899(3) 4995(5) 5394(4) 6 6 � - 9 0 1 ( 4 ) 5037(7) 5368(5) 6 6 � 
C(14) -2097(3) 5850(4) 3720(4) 70(3) -2117(4) 5758(7) 3735(7) 71(4) 
C(15) -2008(3) 3396(5) 4346(5) 70(3) -1956(4) 3335(7) 4440(7) 76(4) 
•Equivalent isotropic U defined as one third of the irace of the orthogonalized Uij tensor. 
For 1 and 2, M(/i) stands for Co(«) and Za{n) respectively. 




T a b l e B I I . Atomic c o o r d i n a t e s (xlO ) and e q u i v a l e n t i s o t r o p i c 
thermal p a r a m e t e r s (A^xlO^ f o r Cu, xlO^ f o r o t h e r s ) f o r t h e 
complex 5 . 
X y z U(eq) 
C u ( l ) 0 0 0 2 0 5 ( 3 ) 
Cu(2) 0 1 0 8 1 ( 1 ) - 2 5 0 0 2 0 0 ( 3 ) 
N(2) - 2 6 8 ( 2 ) - 4 0 6 ( 3 ) - 1 6 4 0 ( 3 ) 2 4 ( 1 ) 
N(3) - 5 9 1 ( 2 ) - 1 5 5 2 ( 4 ) - 2 0 9 4 ( 3 ) 2 9 ( 2 ) 
N(4) - 9 0 5 ( 3 ) - 2 6 3 2 ( 5 ) - 2 5 2 1 ( 4 ) 5 3 ( 2 ) 
N(5) 1 6 4 3 ( 2 ) 8 3 1 ( 4 ) 1 2 1 ( 3 ) 3 1 ( 2 ) 
0 ( 3 ) 1 2 4 4 ( 2 ) 1 1 1 0 ( 4 ) 5 8 3 ( 3 ) 5 3 ( 2 ) 
0 ( 4 ) 1 3 4 7 ( 2 ) 7 9 0 ( 7 ) - 9 4 6 ( 3 ) 8 1 ( 2 ) 
0 ( 5 ) 2 3 4 1 ( 2 ) 5 8 5 ( 5 ) 7 3 4 ( 3 ) 5 8 ( 2 ) 
0 ( 1 ) - 5 4 1 ( 2 ) 1 9 5 7 ( 3 ) - 4 5 0 ( 2 ) 3 0 ( 1 ) 
0 ( 2 ) - 4 2 3 ( 2 ) 2 6 8 9 ( 3 ) - 1 9 8 6 ( 3 ) 3 1 ( 1 ) 
C ( l ) - 6 9 6 ( 2 ) 2 7 6 5 ( 4 ) - 1 3 0 9 ( 3 ) 2 2 ( 2 ) 
C(2) -1276(3) 4020(5) - 1 6 6 3 ( 3 ) 27(2) 
N ( l ) - 1 5 9 9 ( 2 ) 4 4 1 7 ( 3 ) - 8 8 0 ( 3 ) 2 1 ( 1 ) 
C(3) - 9 7 5 ( 3 ) 4 9 8 8 ( 5 ) 2 7 9 ( 4 ) 4 5 ( 2 ) 
C(4) - 2 0 1 1 ( 3 ) 3 1 6 5 ( 5 ) - 7 0 5 ( 5 ) 4 9 ( 3 ) 
C(5) - 2 1 7 3 ( 3 ) 5 6 4 7 ( 5 ) - 1 4 7 9 ( 4 ) 3 8 ( 2 ) 
* E q u i v a l e n t i s o t r o p i c U d e f i n e d as one t h i r d o f t h e 
t r a c e o f t h e o r t h o g o n a l i z e d t e n s o r 
64 
T a b l e B i l l . Atomic c o o r d i n a t e s (xlO^ f o r Cd; xlO^ f o r o t h e r atoms) * 12 4 
and e q u i v a l e n t i s o t r o p i c thermal parameters (A xlO f o r 2 
Cd; xlO f o r o t h e r atoms) f o r t h e complex 6 . 
Atom X y z U 叫 
C d ( l ) 50000 0 50000 2 8 5 ( 1 ) 
Cd(2) 8 8 3 9 ( 3 ) 2 9 2 7 2 ( 3 ) 2 9 4 4 7 ( 2 ) 3 0 7 ( 1 ) 
S ( l ) - 2 0 6 4 ( 1 ) 1 6 3 4 ( 1 ) 2 1 0 5 ( 1 ) 4 7 ( 1 ) 
C ( l ) - 3 0 9 9 ( 4 ) 6 1 8 ( 4 ) 2 9 3 3 ( 3 ) 3 1 ( 1 ) 
N ( l ) - 3 8 8 4 ( 4 ) - 9 6 ( 4 ) 3 4 8 9 ( 3 ) 4 4 ( 1 ) 
S ( 2 ) 3 4 0 ( 1 ) 5 7 ( 1 ) 3 2 6 8 ( 1 ) 5 4 ( 1 ) 
C(2) 2 0 5 2 ( 5 ) 4 1 7 ( 4 ) 3 8 5 7 ( 3 ) 3 5 ( 1 ) 
N(2 ) 3 2 4 3 ( 4 ) 6 2 5 ( 4 ) 4 2 4 6 ( 3 ) 4 8 ( 2 ) 
S ( 3 ) 2 9 9 5 ( 2 ) 2 5 2 0 ( 3 ) - 2 0 3 ( 1 ) 1 1 0 ( 1 ) 
C(3) 2 6 9 5 ( 5 ) 2 7 8 3 ( 5 ) 9 4 9 ( 3 ) 4 8 ( 2 ) 
N(3) 2 4 9 6 ( 5 ) 2 9 4 6 ( 5 ) 1 7 7 9 ( 3 ) 6 0 ( 2 ) 
0 ( 1 1 ) - 3 0 ( 3 ) 3 2 8 2 ( 3 ) 4 5 6 0 ( 2 ) 4 1 ( 1 ) 
0 ( 1 2 ) 2 5 2 7 ( 3 ) 3 9 0 4 ( 3 ) 4 4 9 4 ( 2 ) 3 5 ( 1 ) 
C ( l l ) 1 3 4 9 ( 4 ) 3 7 2 0 ( 4 ) 4 9 6 4 ( 3 ) 3 2 ( 1 ) 
C(12) 1 5 0 0 ( 4 ) 4 0 0 7 ( 4 ) 6 1 0 0 ( 3 ) 3 4 ( 1 ) 
N ( l l ) 3 1 2 4 ( 4 ) 4 5 8 4 ( 3 ) 6 6 3 8 ( 2 ) 3 2 ( 1 ) 
C(13) 3 8 2 0 ( 5 ) 3 5 0 2 ( 5 ) 6 3 8 2 ( 3 ) 4 6 ( 2 ) 
C(14) 2 9 2 9 ( 6 ) 4 7 0 5 ( 6 ) 7 7 3 3 ( 3 ) 5 0 ( 2 ) 
C(15) 4 2 5 9 ( 5 ) 6 1 5 4 ( 4 ) 6 4 3 2 ( 3 ) 4 0 ( 1 ) 
0 ( 2 1 ) 1 7 3 6 ( 4 ) 5 4 7 9 ( 3 ) 2 9 0 0 ( 2 ) 4 5 ( 1 ) 
0 ( 2 2 ) 4 0 6 ( 4 ) 4 8 7 7 ( 3 ) 1 4 1 0 ( 2 ) 5 0 ( 1 ) 
C(21) 1 4 0 5 ( 4 ) 5 7 7 8 ( 4 ) 2 0 7 8 ( 3 ) 3 5 ( 1 ) 
C(22) 2 4 3 5 ( 5 ) 7 4 8 9 ( 4 ) 2 0 1 4 ( 3 ) 4 3 ( 2 ) 
N(21) 2371(A) 7 9 6 4 ( 3 ) 1 0 2 7 ( 2 ) 37(1) 
C(23) 2 8 4 2 ( 6 ) 7 0 6 3 ( 6 ) 2 4 5 ( 3 ) 5 7 ( 2 ) 
C(2A) 3 5 3 3 ( 7 ) 9 6 3 3 ( 5 ) 1 1 3 3 ( 4 ) 7 0 ( 2 ) 
C(25) 7 4 2 ( 5 ) 7 7 4 5 ( 6 ) 7 1 3 ( 4 ) 5 2 ( 2 ) 
0 ( l w ) 2 9 5 6 ( 3 ) - 2 5 2 0 ( 3 ) A674(2) 3 7 ( 1 ) 
*U d e f i n e d a s one t h i r d o f the t r a c e o f t h e o r t h o g o n a l i z e d U t e n s o r . eq 
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T a b l e BIV. Atomic c o o r d i n a t e s (xlO^ f o r Cd; xlO^ f o r o t h e r atoms) * i2 4 
and e q u i v a l e n t i s o t r o p i c thermal parameters (A xlO f o r 
Cd; XlO f o r o t h e r atoms) f o r t h e complex 7 . 
Atom X y z U 叫 
C d ( l ) 3 3 0 ( 3 ) 2 0 0 2 2 ( 3 ) 3 9 8 1 6 ( 2 ) 3 5 2 ( 1 ) 
S(l) 2701(2) 4126(1) 2980(1) 59(1) 
C ( l ) 1 7 9 3 ( 5 ) 5 6 0 2 ( 4 ) 3 7 5 8 ( 4 ) 3 9 ( 1 ) 
N ( l ) 1 2 1 3 ( 5 ) 6 6 6 7 ( 4 ) 4 2 6 9 ( 4 ) 5 0 ( 1 ) 
S ( 2 ) - 3 0 1 6 ( 2 ) 2 9 0 2 ( 2 ) 3 1 0 ( 1 ) 7 8 ( 1 ) • 
C(2) - 2 2 8 6 ( 5 ) 2 6 6 2 ( 4 ) 1 6 8 7 ( 5 ) 4 6 ( 1 ) 
N(2 ) - 1 7 8 0 ( 6 ) 2 5 2 0 ( 4 ) 2 6 2 8 ( 5 ) 6 2 ( 2 ) 
0 ( 1 1 ) 2 3 5 4 ( 3 ) 4 9 4 ( 3 ) 2 5 8 6 ( 3 ) 4 7 ( 1 � 
0 ( 1 2 ) 1 9 9 0 ( 3 ) 1 8 6 ( 3 ) 4 8 1 2 ( 3 ) 3 9 ( 1 ) 
C ( l l ) 2 8 8 9 ( 4 ) - 3 0 ( 4 ) 3 6 1 5 ( 4 ) 3 4 ( 1 ) 
C(12) 4 6 7 9 ( 4 ) - 9 1 2 ( 4 ) 3 4 8 5 ( 4 � 3 7 ( 1 ) 
C(13) 5 3 2 6 ( 4 ) - 1 4 6 2 ( 4 ) 2 0 9 7 ( 4 ) 3 9 ( 1 ) 
N ( l l ) 7 1 6 9 ( 3 ) - 2 2 7 7 ( 3 ) 1 8 5 1 ( 3 ) 3 7 ( 1 ) 
C(14) 7 5 7 7 ( 6 ) - 2 7 6 9 ( 7 ) 4 5 4 ( 5 ) 7 2 ( 2 ) 
C(15) 8 6 6 1 ( 5 ) - 1 2 2 2 ( 5 ) 1 8 9 6 ( 5 ) 5 3 ( 1 ) 
C(16) 7 1 6 7 ( 6 ) - 3 6 5 8 ( 5 ) 2 8 8 5 ( 6 ) 6 0 ( 2 ) 
*U d e f i n e d as one t h i r d of the t r a c e o f t h e o r t h o g o n a l i z e d U t e n s o r , eg 
5 4 Tab le BV. Atomic c o o r d i n a t e s (xlO f o r Ba; xlO f o r o t h e r atoms) * 12 4 and e q u i v a l e n t i s o t r o p i c thermal parameters (A xlO f o r 3 Ba; xlO f o r o t h e r atoms) f o r t h e complex 8 . 
Atom ^ y ^eq 
B a d ) 0 6 9 2 9 ( 3 ) 25000 3 1 1 ( 1 ) 
S ( l ) - 2 0 3 7 ( 1 ) 4 4 ( 2 ) 2 0 1 4 ( 2 ) 7 2 ( 1 ) 
C ( l ) - 1 4 4 3 ( 2 ) 1 7 8 ( 5 ) 2 2 8 7 ( 6 ) 5 1 ( 1 ) 
N(l) - 1 0 2 4 ( 2 ) 297(7) 2470(8) 86(2) 
0 ( 1 ) - 4 3 ( 1 ) - 1 8 3 5 ( 3 ) 4436(3) 4 5 ( 1 ) 
0 ( 2 ) - 3 9 0 ( 1 ) - 3 5 0 1 ( 4 ) 6 0 8 8 ( 3 ) 5 2 ( 1 ) 
C(2) - 3 4 8 ( 2 ) - 2 9 1 3 ( 4 ) 4 7 8 8 ( 3 ) 3 6 ( 1 ) 
C(3) - 6 8 1 ( 2 ) - 3 5 3 8 ( 5 ) 3491 (4 ) 4 3 ( 1 ) 
N(2) - 1 1 1 9 ( 1 ) - 4 3 5 4 ( 3 ) 4 0 9 6 ( 4 ) 3 9 ( 1 ) 
C(4) -1495(2) - 3 4 8 5 ( 6 ) 4 6 7 6 ( 6 ) 56(1) 
C(5) - 1 8 9 1 ( 2 ) - 4 2 1 6 ( 7 ) 5 3 4 2 ( 8 ) 6 6 ( 2 ) 
C(6) - 1 9 0 9 ( 2 ) - 5 8 4 6 ( 7 � 5 4 1 3 ( 7 ) 6 4 ( 2 ) 
C(7) - 1 5 2 0 ( 2 ) - 6 7 1 3 ( 6 ) 4 8 2 6 ( 6 ) 6 7 ( 2 ) 
C(8) - 1 1 2 9 ( 2 ) - 5 9 4 6 ( 5 ) 4 1 6 6 ( 6 ) 5 3 ( 1 ) 
*Ueq d e f i n e d as one t h i r d o f the t r a c e o f the o r t h o g o n a l i z e d U t e n s o r . 
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T a b l e BVI. Atomic c o o r d i n a t e s (xlO^ f o r Co; xlO^ f o r o t h e r a toms) * 2 4 
and e q u i v a l e n t i s o t r o p i c thermal p a r a m e t e r s (A xlO f o r 3 
Co; xlO f o r o t h e r atoms) f o r t h e complex 9 . 
Atom X y ^ ^ eq 
C o ( l ) 7 2 9 7 8 ( 3 ) 5 6 0 6 3 ( 2 3 ) 1 1 0 6 0 ( 5 ) 3 5 6 ( 4 ) 
Co(2 ) 50000 2 1 7 0 2 ( 4 ) -25000 5 6 0 ( 8 ) 
S ( l ) 8 2 3 4 ( 1 ) 1 0 3 7 4 ( 6 ) 2 4 1 5 ( 1 ) 6 9 ( 1 ) 
C ( l ) 7 8 9 9 ( 2 ) 8 7 6 8 ( 1 6 ) 2 0 2 3 ( 4 ) 3 7 ( 4 ) 
N ( l ) 7 6 6 4 ( 2 ) 7 5 9 1 ( 1 5 ) 1 7 5 3 ( 3 ) 4 8 ( 3 ) 
S ( 2 ) 5 9 8 2 ( 1 ) - 2 4 0 8 ( 5 ) - 2 4 6 7 ( 1 ) 6 3 ( 1 ) 
C(2) 5 6 3 2 ( 2 ) - 1 0 1 1 ( 1 9 ) - 2 4 8 2 ( 4 ) 5 2 ( 4 ) 
N(2 ) 5 3 8 9 ( 2 ) 9 3 ( 1 8 ) - 2 4 8 1 ( 3 ) 6 8 ( 4 ) 
S ( 3 ) 5 3 1 2 ( 1 ) 6 3 0 3 ( 5 ) - 6 0 7 ( 1 ) 6 0 ( 1 ) 
C(3) 5 2 0 2 ( 2 ) 5 1 2 3 ( 1 8 ) - 1 2 7 9 ( 5 ) 4 8 ( 4 ) 
N(3) 5 1 2 8 ( 2 ) 4 2 1 0 ( 1 7 ) - 1 7 5 4 ( 4 ) 6 0 ( 4 ) 
0 ( 1 1 ) 6 9 3 1 ( 1 ) 8 1 0 5 ( 1 0 ) 1 2 4 9 ( 3 ) 3 9 ( 2 ) 
0 ( 1 2 ) 6 4 3 5 ( 1 ) 6 1 5 6 ( 1 2 ) 7 7 8 ( 2 ) 4 2 ( 2 ) 
C ( l l ) 6 6 1 1 ( 2 ) 7 8 5 6 ( 1 6 ) 1 0 9 7 ( 3 ) 3 3 ( 3 ) 
C(12) 6 4 5 2 ( 2 ) 9 9 4 2 ( 1 5 ) 1 3 6 6 ( 4 ) 3 7 ( 3 ) 
N ( l l ) 6 0 8 0 ( 1 ) 9 6 2 7 ( 1 3 ) 1 1 9 2 ( 3 ) 3 2 ( 3 ) 
C(13) 5 9 5 6 ( 2 ) 7 7 5 5 ( 1 7 ) 1 4 5 4 ( 4 ) 4 3 ( 4 ) 
C(14) 5 6 0 8 ( 2 ) 7 4 2 8 ( 1 8 ) 1 2 8 8 ( 4 ) 4 5 ( 4 ) 
C(15) 5 3 9 9 ( 2 ) 9 0 5 0 ( 1 8 ) 8 8 3 ( 4 ) 5 1 ( 4 ) 
C(16) 5 5 3 0 ( 2 ) 1 0 9 7 0 ( 2 0 ) 6 2 2 ( 4 ) 5 6 ( 4 ) 
C(17) 5 8 7 8 ( 2 ) 1 1 2 2 2 ( 1 7 ) 7 8 9 ( 4 ) 4 5 ( 4 ) 
0 ( 2 1 ) 7 6 0 5 ( 1 ) 3 0 8 0 ( 1 1 ) 8 3 9 ( 3 ) 4 4 ( 2 ) 
0 ( 2 2 ) 8 0 0 6 ( 1 ) 9 1 1 ( 1 1 ) 6 2 0 ( 2 ) 4 1 ( 2 ) 
C(21) 7 9 0 7 ( 2 ) 2 7 9 0 ( 1 6 ) 8 4 0 ( 3 ) 3 3 ( 3 ) 
C(22) 8 1 5 7 ( 2 ) 4 8 9 5 ( 1 6 ) 1 1 4 8 ( 4 ) 3 8 ( 3 ) 
N(21) 8 4 8 3 ( 2 ) 4 5 6 0 ( 1 4 ) 1 0 5 5 ( 3 ) 3 5 ( 3 ) 
C(23) 8 6 9 6 ( 2 ) 2 6 7 9 ( 1 7 ) 1 3 6 0 ( 4 ) 4 1 ( 3 ) 
C(24) 9 0 0 2 ( 2 ) 2 3 2 2 ( 1 8 ) 1 2 6 0 ( 4 ) 4 7 ( 4 ) 
C(25) 9 0 8 8 ( 2 ) 3 9 0 9 ( 1 8 ) 8 7 3 ( 4 ) 5 0 ( 4 ) 
C(26) 8 8 7 1 ( 2 ) 5 7 8 3 ( 1 9 ) 5 7 1 ( 4 ) 5 3 ( 4 ) 
C(27) 8 5 6 4 ( 2 ) 6 0 6 1 ( 1 7 ) 6 6 2 ( 4 ) 4 8 ( 4 ) 
0 ( l w ) 7 3 0 7 ( 1 ) 8 3 8 0 ( 1 1 ) 4 1 5 ( 2 ) 4 6 ( 2 ) 
0 (2w) 6 8 9 8 ( 1 ) 3 5 5 8 ( 1 0 ) 4 4 0 ( 2 ) 3 9 ( 2 ) 
0 (3w) 7 2 3 2 ( 1 ) 2 8 8 9 ( 1 0 ) 1 7 0 5 ( 2 ) 4 0 ( 2 ) 
d e f i n e d as one t h i r d o f t h e t r a c e o f t h e o r t h o g o n a l i z e d U t e n s o r . eq 
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Table CI. A n i s o t r o p i c thermal p a r a m e t e r s (A^ x 10^ f o r Co. x 10^ f o r o t h e r s ) 
f o r t h e complex 1 . 
" l l "22 "33 "23 
C o ( l ) 2 9 7 ( 3 ) 2 3 1 ( 3 ) 1 9 6 ( 3 ) 1 7 ( 2 ) 1 6 9 ( 2 � 1 0 ( 2 ) 
Co(2) 2 9 7 ( 3 ) 2 2 1 ( 3 ) 1 9 1 ( 3 ) 0 1 6 5 ( 2 ) 0 
N ( l ) 2 8 ( 1 ) 3 7 ( 1 ) 2 6 ( 1 ) 4 ( 1 ) 1 6 ( 1 ) - 1 ( 1 ) 
N(2) 3 4 ( 2 ) 3 5 ( 1 ) 2 9 ( 1 ) - 3 ( 1 ) 1 8 ( 1 ) 0 ( 1 ) 
N(3) 3 2 ( 2 ) 8 2 ( 2 ) 6 6 ( 2 ) - 5 ( 2 ) 2 0 ( 2 ) 4 ( 2 � 
N(4) 4 9 ( 2 ) 2 8 ( 1 ) 2 5 ( 1 ) - 4 ( 1 ) 2 2 ( 1 ) - 1 0 ( 1 � 
N(5) 6 3 ( 2 ) 3 8 ( 2 ) 2 7 ( 1 ) - 4 ( 1 ) 2 6 ( 1 ) - 1 4 ( 1 ) 
N(6) , 2 0 0 ( 6 ) 5 0 ( 2 ) 6 8 ( 2 ) - 2 8 ( 2 ) 7 4 ( 3 ) - 6 8 ( 3 ) 
0 ( 1 1 ) 4 5 ( 1 ) 2 9 ( 1 ) 3 1 ( 1 ) 5 ( 1 ) 2 8 ( 1 ) 9 ( 1 ) 
0 ( 1 2 ) 4 4 ( 1 ) 3 0 ( 1 ) 2 7 ( 1 ) 7 ( 1 ) 2 4 ( 1 ) 1 1 ( 1 ) 
C ( l l ) 2 9 ( 2 ) 24(1) 25(1) - 1 ( 1 ) 16(1) 2 ( 1 ) 
C(12) 50 (2 ) 33(1) 3 3 ( 1 ) 6 ( 1 ) 3 1 ( 2 ) 1 2 ( 1 ) 
N ( l l ) 4 6 ( 2 ) 2 5 ( 1 ) 3 8 ( 1 ) 0 ( 1 ) 3 1 ( 1 ) H I ) 
C(13) 6 1 ( 3 ) 5 1 ( 2 ) 4 7 ( 2 ) -21(2) 3 2 ( 2 � - 1 0 ( 2 ) 
C(1A) 88 (3 ) 5 1 ( 2 ) 7 5 ( 3 ) 2 1 ( 2 ) 64(3 ) 3 9 ( 2 ) 
C(15) 5 7 ( 2 ) 42(2) 7 6 ( 3 ) 0 ( 2 ) 5 3 ( 2 ) - 4 ( 2 � 
The a n i s o t r o p i c thermal exponent t a k e s t h e form: 
+ . . . + 2hka*b*Ui2) 
2 4 3 Tab le C I I . A n i s o t r o p i c thermal p a r a m e t e r s (A x 10 f o r Zn, 10 f o r o t h e r s ) 
f o r the complex 2 . 
" l l "22 "33 "23 • 
Z n ( l ) 3 4 6 ( 4 ) 2 9 4 ( 3 ) 1 9 5 ( 3 ) 1 6 ( 2 ) 1 6 5 ( 3 ) - 1 ( 3 � 
Zn(2) 3 2 7 ( 4 ) 2 5 5 ( 3 ) 1 8 5 ( 3 ) 0 1 5 1 ( 3 � 0 
N ( l ) 3 1 ( 2 ) 4 2 ( 2 ) 2 7 ( 2 ) 4 ( 1 ) 1 6 ( 1 ) - 1 ( 2 ) 
N(2) 3 7 ( 2 ) 3 8 ( 2 ) 3 1 ( 2 ) - 4 ( 1 ) 1 9 ( 2 ) - 1 ( 2 ) 
N(3) 3 4 ( 2 ) 9 1 ( 3 ) 6 1 ( 3 ) 0 ( 2 ) 1 7 ( 2 ) 7 ( 2 � 
N(4) 5 6 ( 2 ) 3 1 ( 2 ) 2 6 ( 2 ) - 4 ( 1 ) 2 3 ( 2 ) - 9 ( 2 ) 
N(5) 7 0 ( 3 ) 4 4 ( 2 ) 2 6 ( 2 ) 1 ( 2 ) 2 6 ( 2 ) - 1 2 ( 2 ) 
N(6) 2 1 3 ( 7 ) 5 4 ( 3 ) 6 9 ( 3 ) - 2 6 ( 3 ) 7 3 ( 4 ) - 6 0 ( 4 ) 
0 ( 1 1 ) 4 8 ( 2 ) 3 5 ( 2 ) 2 9 ( 1 ) 5 ( 1 ) 2 7 ( 1 ) 1 0 ( 1 ) 
0 ( 1 2 ) 5 1 ( 2 ) 3 7 ( 2 ) 2 6 ( 1 ) 6 ( 1 ) 2 5 ( 1 ) 1 1 ( 1 ) 
C ( l l ) 3 0 ( 2 ) 25(2) 2 8 ( 2 ) - 3 ( 1 � 1 6 ( 2 ) - 1 ( 2 ) 
C(12) 4 8 ( 2 ) 38(2) 3 3 ( 2 ) 2 ( 2 ) 2 7 ( 2 ) 1 0 ( 2 � 
N ( l l ) 4 7 ( 2 ) 3 0 ( 2 ) 3 5 ( 2 ) 0 ( 1 ) 2 9 ( 2 ) M l ) 
C(13) 6 9 ( 3 ) 54(3^ 4 6 ( 3 ) - 2 1 ( 2 ) 31(3 ) - 13 (3 ) 
C(14) 8 0 ( 4 ) 4 7 ( 3 ) 7 2 ( 3 ) 15(3 ) 54(3) 3 3 ( 3 ) 
C(15) 6 4 ( 3 ) 43 (3 ) 7 4 ( 3 ) - 2 ( 2 ) 53(3 ) - 6 ( 2 ) 
The a n i s o t r o p i c thermal exponent t a k e s t h e form: 
-27r2(h2a*2uii + … + 2hka*b*U^2) 
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T a b l e C I I I . A n i s o t r o p i c thermal parameters (A^ x 10^ f o r Cd, 10^ f o r o t h e r s ) 
f o r t h e complex 3 . 
"22 U33 U23 Ui3 U12 
C d ( l ) 4 3 8 ( 2 ) 3 2 6 ( 2 ) 2 7 2 ( 2 ) 4 1 ( 1 ) 2 3 9 ( 2 ) 2 6 ( 1 ) 
Cd(2) 4 1 8 ( 2 ) 2 8 2 ( 2 ) 2 5 1 ( 2 ) 0 2 2 0 ( 2 � 0 
N ( l ) 3 6 ( 2 ) 5 6 ( 2 ) 3 1 ( 1 ) 8 ( 1 ) 1 9 ( 1 ) 0 ( 1 � 
N(2) 4 5 ( 2 ) 4 6 ( 2 ) 3 6 ( 2 ) - 6 ( 1 � 2 3 ( 1 ) - 3 ( 1 ) 
N(3) 4 5 ( 2 ) 1 1 3 ( 3 ) 6 5 ( 3 ) 2 ( 2 ) 2 4 ( 2 ) 1 4 ( 2 � 
N(A) 7 5 ( 2 ) 4 3 ( 2 ) 3 5 ( 2 ) - 4 ( 1 ) 3 1 ( 2 ) - 1 8 ( 2 ) 
N(5) 7 5 ( 2 ) 4 8 ( 2 ) 3 9 ( 2 ) - 1 ( 2 ) 3 2 ( 2 ) - 1 4 ( 2 ) 
N(6 ) 2 1 1 ( 6 ) 5 4 ( 3 ) 9 1 ( 3 ) - 2 7 ( 2 ) 7 6 ( 4 ) - 6 2 ( 3 ) 
0 ( 1 1 ) 7 0 ( 2 ) 4 4 ( 1 ) 5 1 ( 1 ) 8 ( 1 ) 4 6 ( 1 � 1 6 ( 1 ) 
0 ( 1 2 ) 7 3 ( 2 ) 4 5 ( 1 ) 4 8 ( 1 ) 1 4 ( 1 ) 4 0 ( 1 ) 2 4 ( 1 ) 
C ( l l ) 4 3 ( 2 ) 3 4 ( 2 ) 3 9 ( 2 ) - 1 ( 1 ) • 2 5 ( 2 ) 0 ( 1 ) 
C(12) 7 1 ( 3 ) 4 8 ( 2 ) 4 4 ( 2 ) 1 3 ( 2 ) 4 2 ( 2 ) 2 3 ( 2 � 
N ( l l ) 5 0 ( 2 ) 3 3 ( 1 ) 4 5 ( 2 ) - 2 ( 1 ) 3 2 ( 2 ) 3 ( 1 ) 
C(13) 8 1 ( 4 ) 5 5 ( 3 ) 6 2 ( 3 ) - 1 9 ( 2 ) 3 8 ( 3 ) - 3 ( 2 ) 
C(14) 9 0 ( 4 ) 5 9 ( 3 ) 8 6 ( 3 ) 1 5 ( 2 ) 6 4 ( 3 ) 3 6 ( 3 ) 
C(15) 8 2 ( 3 ) 5 1 ( 2 ) 1 1 4 ( 4 ) - 1 1 ( 3 ) 7 6 ( 3 ) - 8 ( 2 ) 
The a n i s o t r o p i c thermal exponent t a k e s t h e form: 
+ . . . + 2hka*b*Uj^) 
* 12 4 
T a b l e CIV. A n i s o t r o p i c thermal parameters (A xlO f o r Cd; 
xlO f o r o t h e r atoms) f o r t h e complex 4 . 
Atom 1^22 ^33 ^23 ^13 ^12 
C d ( l ) 3 9 2 ( 2 ) 3 3 7 ( 2 ) 2 4 2 ( 2 ) - 4 1 ( 1 ) 2 0 8 ( 2 ) - 2 4 ( 2 ) 
Cd(2) 3 7 1 ( 2 ) 2 9 6 ( 2 ) 2 2 7 ( 2 ) 0 1 9 7 ( 2 ) 0 
N ( l ) 3 9 ( 2 ) 5 4 ( 2 ) 3 0 ( 2 ) 3 ( 2 ) 1 9 ( 2 ) - 3 ( 2 ) 
C ( l ) 4 1 ( 2 ) 4 9 ( 3 ) 3 7 ( 2 ) - 7 ( 2 ) 2 1 ( 2 ) - 1 ( 2 ) 
0 ( 1 ) 3 9 ( 2 ) 1 2 1 ( 4 ) 8 0 ( 3 ) - 5 ( 3 ) 1 7 ( 2 ) 1 3 ( 3 ) 
N(2) 6 0 ( 2 ) 4 2 ( 2 ) 3 0 ( 2 ) - 2 ( 1 ) 2 4 ( 2 ) - 1 5 ( 2 ) 
C(2) 8 8 ( 4 ) 5 3 ( 3 ) 3 8 ( 2 ) - 2 ( 2 ) 3 2 ( 3 ) - 2 6 ( 3 ) 
0 ( 2 ) 2 5 6 ( 1 0 ) 7 2 ( 4 ) 9 8 ( 4 ) - 2 6 ( 3 ) 7 5 ( 6 ) - 9 3 ( 5 ) 
0 ( 1 1 ) 7 0 ( 2 ) 4 4 ( 2 ) 4 7 ( 2 ) - 9 ( 1 ) 4 3 ( 2 ) - 2 0 ( 2 ) 
0 ( 1 2 ) 7 3 ( 2 ) 4 5 ( 2 ) 4 2 ( 2 ) - 1 3 ( 1 ) 3 7 ( 2 ) - 2 5 ( 2 ) 
C ( l l ) 4 2 ( 2 ) 3 2 ( 2 ; 3 5 ( 2 ) - 1 ( 2 ) 2 3 ( 2 ) - 4 ( 2 ) 
. C ( 1 2 ) 6 2 ( 3 ) 4 9 ( 3 ) 4 1 ( 2 ) - 1 1 ( 2 ) 3 4 ( 2 ) - 2 0 ( 2 ) 
N ( l l ) 5 0 ( 2 ) 3 2 ( 2 ) 4 7 ( 2 ) 1 ( 2 ) 3 4 ( 2 ) - 3 ( 2 � 
C(13) 7 8 ( 5 ) 6 1 ( 4 ) 5 8 ( 3 ) 2 4 ( 3 ) 3 3 ( 3 ) 5 ( 3 ) 
C(14) 8 6 ( 5 ) 5 7 ( 3 ) 9 7 ( 5 ) - 8 ( 3 ) 6 7 ( 4 ) - 3 0 ( 3 ) 
C(15) 9 0 ( 5 ) 5 4 ( 3 ) 1 2 9 ( 6 ) 5(A) 8 8 ( 5 ) 8 ( 4 ) 
* 2t-IT-I * * The e x p o n e n t t a k e s the form: - I n JJ • 
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2 4 3 T a b l e CV. A n i s o t r o p i c thermal parameters (A xlO f o r Cu, x 10 f o r o t h e r s ) 
f o r the complex 5 . 
Uii "22 "33 "23 "13 
C u ( l ) 2 8 3 ( 4 ) 2 0 9 ( 3 ) 1 5 3 ( 3 ) 2 4 ( 2 ) 1 3 1 ( 3 ) 5 3 ( 3 ) 
Cu(2) 2 7 0 ( 4 ) 1 8 8 ( 3 ) 2 1 9 ( 3 ) 0 1 8 0 ( 3 ) 0 
N(2 ) 3 4 ( 2 ) 2 4 ( 2 ) 1 8 ( 1 ) 0 ( 1 ) 1 5 ( 1 ) - 3 ( 1 ) 
N(3 ) 4 2 ( 2 ) 2 6 ( 2 ) 2 3 ( 2 ) 1 ( 1 ) 2 1 ( 2 ) - 3 ( 2 ) 
N(4 ) 8 3 ( 4 ) 4 0 ( 2 ) 4 7 ( 2 ) - 1 8 ( 2 ) 4 0 ( 3 ) - 3 0 ( 2 ) 
N(5 ) 3 1 ( 2 ) 3 5 ( 2 ) 3 0 ( 2 ) - 4 ( 1 ) 1 7 ( 2 ) - 5 ( 2 ) 
0 ( 3 ) 4 8 ( 2 ) 7 0 ( 3 ) 6 1 ( 2 ) - 2 8 ( 2 ) 4 2 ( 2 ) - 2 3 ( 2 ) 
0 ( 4 ) 2 8 ( 2 ) 1 8 5 ( 5 ) 2 5 ( 2 ) 1 ( 2 ) 1 0 ( 2 ) - 3 ( 3 ) 
0 ( 5 ) 3 1 ( 2 ) 9 4 ( 3 ) 3 8 ( 2 ) 2 ( 2 ) 9 ( 2 ) 1 2 ( 2 ) 
0 ( 1 ) 4 5 ( 2 ) 2 9 ( 1 ) 2 4 ( 1 ) 8 ( 1 ) 2 2 ( 1 ) 1 7 ( 1 ) 
0 ( 2 ) 4 7 ( 2 ) 2 3 ( 1 ) 4 2 ( 2 ) 5 ( 1 ) 3 6 ( 2 ) 7 ( 1 � 
C ( l ) 2 4 ( 2 ) 2 2 ( 2 ) 2 3 ( 2 ) - 3 ( 1 ) 1 3 ( 2 ) 0 ( 2 ) 
C(2) 3 3 ( 2 ) 3 0 ( 2 ) 2 7 ( 2 ) 7 ( 2 ) 2 1 ( 2 ) 1 3 ( 2 ) 
N ( l ) 2 3 ( 2 ) 2 0 ( 1 ) 2 6 ( 2 ) - 1 ( 1 ) 1 6 ( 1 ) 1 ( 1 ) 
C(3) 4 5 ( 3 ) 4 6 ( 3 ) 3 4 ( 2 ) - 1 4 ( 2 ) 1 3 ( 2 ) 5 ( 2 ) 
C(4) 5 8 ( 4 ) 3 2 ( 2 ) 8 5 ( 4 ) - 5 ( 3 ) 5 6 ( 3 ) - 8 ( 2 ) 
C(5) 3 9 ( 3 ) 3 8 ( 2 ) 4 4 ( 3 ) 5 ( 2 ) 2 6 ( 2 ) 1 6 ( 2 ) 
The a n i s o t r o p i c thermal exponent t a k e s t h e form: 
+ . . . + 2hka*b*Ui2) 
. * ,. 2 1 _, Table CVI. A n i s o t r o p i c thermal parameters (A xlO f o r Cd； 
xlO f o r o t h e r atoms) f o r the complex 6 . 
Atom U j^^  U33 ^23 "！3 ^12 
C d ( l ) 2 5 0 ( 2 ) 2 7 4 ( 2 ) 3 1 8 ( 2 ) 6 9 ( 1 ) - 4 ( 1 ) 1 1 0 ( 1 ) 
Cd(2) 2 9 1 ( 1 ) 3 1 4 ( 1 ) 2 9 2 ( 1 ) 3 1 ( 1 ) 9 ( 1 ) 1 2 7 ( 1 ) 
S ( l ) 3 0 ( 1 ) 7 0 ( 1 ) 3 6 ( 1 ) 2 3 ( 1 ) 0 ( 1 ) 1 5 ( 1 ) 
C ( l ) 2 9 ( 2 ) 3 5 ( 2 ) 2 7 ( 2 ) 1 ( 1 ) - 3 ( 1 ) 1 3 ( 1 ) 
N ( l ) 4 1 ( 2 ) 4 7 ( 2 ) 4 2 ( 2 ) 8 ( 1 ) 8 ( 2 ) 1 9 ( 2 ) 
S ( 2 ) 3 8 ( 1 ) 3 3 ( 1 ) 8 7 ( 1 ) 9 ( 1 ) - 1 9 ( 1 ) 1 4 ( 1 ) 
C(2) 3 9 ( 2 ) 3 0 ( 2 ) 3 8 ( 2 ) 6 ( 1 ) 2 ( 2 ) 1 8 ( 1 ) 
N(2) A4(2) 4 6 ( 2 ) 6 0 ( 2 ) 1 4 ( 2 ) - 5 ( 2 ) 2 3 ( 2 ) 
S ( 3 ) 1 0 7 ( 1 ) 2 3 8 ( 3 ) 5 2 ( 1 ) 5 2 ( 1 ) 3 1 ( 1 ) 1 2 9 ( 2 � 
C(3) 3 8 ( 2 ) 6 5 ( 3 ) 5 2 ( 2 ) 2 0 ( 2 ) 1 3 ( 2 ) 3 1 ( 2 ) 
N(3 ) 5 7 ( 2 ) 7 7 ( 3 ) 5 2 ( 2 ) 1 7 ( 2 ) 1 9 ( 2 ) 3 5 ( 2 ) 
0 ( 1 1 ) 3 2 ( 1 ) 5 1 ( 2 ) 3 4 ( 1 ) - 1 ( 1 ) - 2 ( 1 ) 1 6 ( 1 ) 
0 ( 1 2 ) 3 7 ( 1 ) 4 1 ( 1 ) 3 0 ( 1 ) 6 ( 1 ) 9 ( 1 ) 1 9 ( 1 ) 
C ( l l ) 3 6 ( 2 ) 2 7 ( 1 ) 2 9 ( 2 ) 6 ( 1 ) 3 ( 1 ) 1 3 ( 1 ) 
C(12) 2 9 ( 2 ) 4 6 ( 2 ) 2 7 ( 2 ) 9 ( 1 ) 6 ( 1 � 1 6 ( 2 ) 
N ( l l ) 3 1 ( 1 ) 3 4 ( 1 ) 3 1 ( 1 ) 8 ( 1 ) 6 ( 1 ) 1 4 ( 1 ) 
C(13) 4 9 ( 2 ) 5 1 ( 2 ) 5 2 ( 2 ) 1 2 ( 2 ) 4 ( 2 ) 3 3 ( 2 ) 
C(14) 5 3 ( 3 ) 7 2 ( 3 ) 2 7 ( 2 ) 1 3 ( 2 ) 9 ( 2 ) 3 1 ( 2 ) 
C(15) 3 6 ( 2 ) 3 2 ( 2 ) 4 3 ( 2 ) 7 ( 1 ) 3 ( 2 ) 9 ( 2 ) 
0 ( 2 1 ) 6 5 ( 2 ) 3 1 ( 1 ) 3 0 ( 1 ) 6 ( 1 ) - 1 ( 1 ) 1 5 ( 1 ) 
0 ( 2 2 ) 4 7 ( 2 ) 3 9 ( 1 ) 4 4 ( 2 ) 4 ( 1 ) - 1 2 ( 1 � 6 ( 1 ) 
C(21) 3 6 ( 2 ) 3 1 ( 2 ) 3 3 ( 2 ) 5 ( 1 ) 4 ( 1 ) 1 2 ( 1 ) 
C(22) 4 9 ( 2 ) 3 2 ( 2 ) 3 2 ( 2 ) 9 ( 1 ) - 1 0 ( 2 ) 4 ( 2 ) 
N(21) 3 4 ( 2 ) 3 9 ( 2 ) 3 3 ( 2 ) 1 3 ( 1 ) 0 ( 1 ) 1 1 ( 1 ) 
C(23) 5 3 ( 3 ) 8 7 ( 3 ) 4 4 ( 2 ) 2 1 ( 2 ) 1 6 ( 2 ) 4 0 ( 3 ) 
C(24) 6 8 ( 3 ) 4 5 ( 2 ) 6 9 ( 3 ) 3 0 ( 2 ) - 1 5 ( 3 ) - 1 ( 2 � 
C(25) 4 0 ( 2 ) 6 3 ( 3 ) 5 4 ( 3 ) 2 0 ( 2 ) - 1 ( 2 ) 2 3 ( 2 ) 
0 ( l w ) 3 4 ( 1 ) 2 8 ( 1 ) 3 9 ( 1 ) 1 ( 1 ) - 1 ( 1 � 7 ( 1 ) 
• 2„„ • * The e x p o n e n t t a k e s t h e form: -27r JJ, ' 
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T a b l e CVII. A n i s o t r o p i c thermal p a r a m e t e r s (A xlO f o r Cd 
xlO f o r o t h e r atoms) f o r t h e complex 7 . 
Atom Uii ^33 ^23 ^13 ^12 
C d ( l ) 3 6 8 ( 1 ) 2 8 0 ( 1 ) 4 2 0 ( 2 ) - 1 0 0 ( 1 ) - 1 0 2 ( 1 ) 5 8 ( 1 ) 
S ( l ) 5 4 ( 1 � 4 0 ( 1 ) 7 0 ( 1 ) - 2 5 ( 1 ) 1 5 ( 1 ) - 8 ( 1 ) 
C ( l ) 4 0 ( 2 ) 3 6 ( 2 ) 3 9 ( 2 ) - 9 ( 1 ) - 2 ( 1 ) - 9 ( 1 ) 
N ( l ) 5 3 ( 2 ) 3 5 ( 2 ) 5 5 ( 2 ) - 1 9 ( 1 ) 5 ( 2 ) - 8 ( 1 ) 
S ( 2 ) 6 9 ( 1 ) 1 1 3 ( 1 ) 6 4 ( 1 ) - 3 2 ( 1 ) - 3 6 ( 1 ) 2 8 ( 1 ) 
C(2) 4 1 ( 2 ) 3 3 ( 2 ) 6 3 ( 2 ) - 1 0 ( 2 ) - 1 3 ( 2 ) 5 ( 1 � 
N(2) 7 6 ( 2 ) 4 3 ( 2 ) 8 0 ( 3 ) - 1 1 ( 2 ) - 4 3 ( 2 ) 9 ( 2 ) 
0 ( 1 1 ) 4 5 ( 1 ) 4 4 ( 2 ) 5 4 ( 2 ) - 1 1 ( 1 ) - 1 7 ( 1 ) 1 4 ( 1 � 
0 ( 1 2 ) 3 3 ( 1 ) 3 6 ( 1 ) 4 7 ( 1 ) - 1 3 ( 1 ) - 2 ( 1 ) 2 ( 1 ) 
C ( l l ) 3 0 ( 1 ) 2 5 ( 1 ) 4 7 ( 2 ) - 8 ( 1 ) - 8 ( 1 ) - 2 ( 1 ) 
C(12) 3 1 ( 1 ) 3 7 ( 2 ) 4 4 ( 2 ) - 1 2 ( 1 ) - 9 ( 1 ) 5 ( 1 ) 
C(13) 3 3 ( 1 ) 4 3 ( 2 ) 4 1 ( 2 ) - 1 3 � - 1 0 ( 1 ) 1 0 ( 1 ) 
N ( l l ) 2 9 ( 1 ) 3 7 ( 2 ) 4 7 ( 2 ) - 1 7 ( 1 ) - 9 ( 1 ) 4 ( 1 ) 
C(14) 5 4 ( 2 ) 1 0 7 ( 4 ) 6 7 ( 3 ) - 5 4 ( 3 ) - 1 7 ( 2 ) 2 6 ( 3 ) 
C(15) 3 5 ( 2 ) 4 6 ( 2 ) 7 7 ( 3 ) - 2 0 ( 2 ) - 4 ( 2 ) - 4 ( 2 ) 
C(16) 5 2 ( 2 ) 3 6 ( 2 ) 8 7 ( 3 ) - 1 ( 2 ) - 1 5 ( 2 � 7 ( 2 � 
• * * 
The e x p o n e n t t a k e s t h e form: 一2冗 ‘ 
2 4 Table CVIII . . A n i s o t r o p i c thermal p a r a m e t e r s (A xlO f o r Ba; 
xlO f o r o t h e r atoms) f o r t h e complex 8 . 
Atom y!! U^^ U” ^23 ^13 ^12 
B a d ) 3 4 4 ( 2 ) 3 1 6 ( 2 ) 2 7 3 ( 2 ) 0 3 ( 1 ) 0 
S ( l ) 4 0 ( 1 ) 8 5 ( 1 ) 9 0 ( 1 ) - 1 5 ( 1 ) 0 ( 1 ) - 2 ( 1 ) 
C ( l ) 4 3 ( 2 ) 4 1 ( 2 ) 6 9 ( 2 ) - 1 ( 2 ) 2 ( 2 ) 4 ( 2 ) 
N ( l ) 4 3 ( 3 ) 6 6 ( 3 ) 1 4 7 ( 6 ) - 1 1 ( 3 ) - 7 ( 3 ) 2 ( 2 ) 
0 ( 1 ) 5 3 ( 2 ) 4 4 ( 1 ) 3 6 ( 1 ) 1 ( 1 ) 3 ( 1 ) - 1 3 ( 1 ) 
0 ( 2 ) 7 3 ( 2 ) 4 9 ( 1 ) 3 5 ( 1 ) 9 ( 1 ) - 8 ( 1 ) - 2 3 ( 2 ) 
C(2) 4 7 ( 2 ) 3 1 ( 1 ) 3 1 ( 1 ) - 2 ( 1 ) 0 ( 1 ) - 2 ( 1 � 
C(3) 4 8 ( 2 ) 4 8 ( 2 ) 3 2 ( 1 ) - 1 ( 1 ) - 2 ( 1 ) - 1 6 ( 2 ) 
N(2) 4 3 ( 2 ) 3 6 ( 2 ) 3 7 ( 1 ) - 4 ( 1 ) - 2 ( 1 ) - 4 ( 1 ) 
C(4) 5 7 ( 3 ) 4 1 ( 2 ) 6 8 ( 3 ) - 4 ( 2 ) 0 ( 2 ) 7 ( 2 ) 
C(5) 4 2 ( 3 ) 7 5 ( 4 ) 8 3 ( 4 ) - 3 ( 2 ) 1 0 ( 2 ) 9 ( 2 ) 
C(6) 5 1 ( 3 ) 7 7 ( 3 ) 6 5 ( 3 ) - 7 ( 2 ) 6 ( 2 ) - 2 3 ( 2 ) 
C(7) 9 0 ( 4 ) 4 2 ( 2 ) 6 9 ( 3 ) - 8 ( 2 ) 1 8 ( 3 ) - 1 7 ( 2 ) 
C(8) 6 6 ( 3 ) 3 7 ( 2 ) 5 6 ( 2 ) - 8 ( 2 ) 1 1 ( 2 ) - 2 ( 2 ) 
* 2 ic ie The exponent t a k e s the form: JJ .a^ . 
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T a b l e CIX. A n i s o t r o p i c thermal parameters (A xlO f o r Co; 
XlO f o r o t h e r atoms) f o r t h e complex 9 . Atom U^^  y ” 1/33 U12 
C o ( l ) 2 9 3 ( 6 ) 3 2 4 ( 6 ) 4 8 1 ( 7 ) - 3 6 ( 6 ) 1 6 9 ( 5 ) 0 ( 6 ) 
Co(2) 4 2 0 ( 1 1 ) 7 4 3 ( 1 4 ) 5 1 5 ( 1 1 ) 0 1 5 4 ( 9 ) 0 
S ( l ) 5 7 ( 2 ) 9 0 ( 2 ) 5 0 ( 2 ) - 1 0 ( 2 ) 5 ( 1 ) - 2 9 ( 2 ) 
C ( l ) 3 2 ( 5 ) 4 0 ( 6 ) 4 6 ( 5 ) 5 ( 5 ) 2 3 ( 4 ) 1 1 ( 4 ) 
N ( l ) 3 6 ( 4 ) 4 2 ( 5 ) 6 5 ( 5 ) - 1 1 ( 4 ) 1 5 ( 4 ) - 1 0 ( 4 ) 
S ( 2 ) 7 0 ( 2 ) 6 3 ( 2 ) 5 6 ( 2 ) 5 ( 2 ) 2 2 ( 1 ) 2 3 ( 2 ) 
C(2) 5 6 ( 6 ) 5 8 ( 7 ) 3 6 ( 5 ) 2 ( 5 ) 7 ( 5 ) 3 ( 6 ) 
N(2) . 4 9 ( 5 ) 8 9 ( 7 ) 6 7 ( 6 ) 1 ( 5 ) 2 0 ( 5 ) 7 ( 5 ) 
S ( 3 ) 5 4 ( 2 ) 6 5 ( 2 ) 6 4 ( 2 ) - 8 ( 1 ) 2 3 ( 1 ) 0 ( 1 ) 
C(3) 3 4 ( 5 ) 5 1 ( 7 ) 6 4 ( 7 ) 1 2 ( 5 ) 2 1 ( 5 ) 3 ( 5 ) 
N(3) 4 2 ( 5 ) 7 7 ( 6 ) 5 9 ( 5 ) 1 ( 6 ) 1 4 ( 4 ) 8 ( 5 ) 
0 ( 1 1 ) 3 1 ( 3 ) 2 6 ( 3 ) 6 9 ( 4 ) - 6 ( 3 ) 2 6 ( 3 ) - 3 ( 3 ) 
0 ( 1 2 ) 3 3 ( 3 ) 4 7 ( 4 ) 4 9 ( 4 ) - 1 5 ( 3 ) 1 9 ( 3 ) - 3 ( 3 ) 
C ( l l ) 3 1 ( 5 ) 3 3 ( 5 ) 3 9 ( 5 ) 4 ( 5 � 1 6 ( 4 ) 0 ( 4 ) 
C(12) 2 8 ( 5 ) 3 3 ( 5 ) 4 9 ( 5 ) 0 ( 4 ) 1 3 ( 4 ) - 3 ( 4 ) 
N ( l l ) 2 5 ( 4 ) 3 2 ( 4 ) 4 4 ( 4 ) - 2 ( 4 ) 1 8 ( 3 ) 3 ( 4 ) 
C(13) 4 6 ( 6 ) 4 1 ( 6 ) 4 6 ( 5 ) 6 ( 5 ) 2 2 ( 4 ) 4 ( 5 ) 
C(14) 4 2 ( 6 ) 4 1 ( 6 ) 6 3 ( 6 ) - 3 ( 5 ) 3 2 ( 5 ) - 1 ( 5 ) 
C(15) 3 7 ( 5 ) 4 9 ( 6 ) 6 7 ( 7 ) - 1 2 ( 6 ) 1 7 ( 5 ) 0 ( 5 ) 
C(16) 4 5 ( 6 ) 5 4 ( 7 ) 6 2 ( 7 ) 2 ( 6 ) 9 ( 5 ) 8 ( 6 ) 
C(17) 4 3 ( 6 ) 4 2 ( 6 ) 5 1 ( 6 ) 4 ( 5 ) 1 9 ( 5 ) 3 ( 5 ) 
0 ( 2 1 ) 3 5 ( 4 ) 4 5 ( 4 ) 6 1 ( 4 ) - 5 ( 3 ) 2 7 ( 3 ) - 1 ( 3 ) 
0 ( 2 2 ) 4 3 ( 3 ) 3 1 ( 3 ) 5 2 ( 4 ) - 8 ( 3 ) 2 1 ( 3 ) 0 ( 3 ) 
C(21) 3 6 ( 5 ) 3 2 ( 5 ) 3 4 ( 5 ) 1 1 ( 4 ) 1 8 ( 4 ) A(4) 
C(22) 3 4 ( 5 ) 4 0 ( 6 ) 4 7 ( 5 ) - 4 ( 4 ) 2 2 ( 4 ) 2 ( 4 ) 
N(21) 3 2 ( 4 ) 3 2 ( 4 ) 4 4 ( 4 ) - 3 ( 4 ) 1 8 ( 3 ) - 3 ( 4 ) 
C(23) 3 7 ( 5 ) 3 5 ( 5 ) 4 8 ( 5 ) 3 ( 5 ) 1 0 ( 4 ) 6 ( 5 ) 
C(24) 2 9 ( 5 ) 5 2 ( 6 ) 5 8 ( 6 ) 6 ( 5 ) 12(A) 1 5 ( 5 ) 
C(25) 4 2 ( 6 ) 5 3 ( 7 ) 6 2 ( 6 ) 2 ( 5 ) . - 2 5 ( 5 ) 5 ( 5 ) 
C(26) 4 9 ( 6 ) 5 8 ( 6 ) 6 6 ( 7 ) 1 7 ( 6 ) 3 6 ( 5 ) 5 ( 6 ) 
C(27) 4 3 ( 6 ) 3 8 ( 6 ) 6 6 ( 6 ) 1 1 ( 5 ) 2 1 ( 5 ) - 1 ( 5 ) 
0 ( l w ) 4 2 ( 3 ) 4 9 ( 4 ) 4 5 ( 3 ) 6 ( 3 ) 1 4 ( 3 ) - 9 ( 3 ) 
0 (2w) 3 9 ( 3 ) 3 6 ( 3 ) 4 4 ( 3 ) - 5 ( 3 ) 1 4 ( 3 ) 0 ( 3 ) 
0 (3w) 4 5 ( 3 ) 3 4 ( 3 ) 4 6 ( 3 ) - 4 ( 3 ) 2 1 ( 3 ) - 4 ( 3 ) 
• 2-_ St * The e x p o n e n t t a k e s t h e form: - 2 n JJ ‘ 
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4 Tab le DI. H-Atom c o o r d i n a t e s (xlO ) and i s o t r o p i c 
2 3 thermal p a r a m e t e r s (A xlO ) f o r the complex 1 . 
X y z U 
H(12a) - 1 1 9 2 4798 -1994 80 
H(12b) - 1 8 3 3 3696 -2495 80 
H(13a) - 4 6 1 4221 771 80 
H(13b) - 1 1 3 0 5284 811 80 
H(13c ) -627 5721 191 80 
H(14a) - 2 5 3 1 5594 -2147 80 
H(14b) - 1 8 2 8 6361 - 1 5 7 1 80 
H(14c ) - 2 1 8 3 6043 -686 80 
H(15a) -2112 3626 -68 80 
H(15b) -1606 2498 -153 80 
H(15c) - 2426 3211 - 1 1 8 0 80 
* 2 2 2 The e x p o n e n t t a k e s t h e form: -8;r Usin $/X . 
4 Table D I I . H-Atom c o o r d i n a t e s (xlO ) and i s o t r o p i c 
2 3 thermal parameters (A xlO ) f o r t h e complex 2 . 
X y z U 
H(12a) -1125 4826 -1925 80 
H(12b) - 1 8 1 3 3775 -2508 80 
H(13a) - 5 3 5 4184 736 80 
H(13b) - 1 0 1 0 5343 960 80 
H(13c) -629 5726 166 80 
H(14a) -2518 5490 -2098 80 
H(14b) - 1 8 2 1 6519 - 1 5 0 4 80 
H(14C) - 2 2 2 0 6105 -745 80 
H(15a) - 2 1 1 5 3684 38 80 
H(15b) - 1 6 4 4 2523 -193 80 
H(15C) - 2 4 0 4 3080 -1315 80 
• 2 2 2 The e x p o n e n t t a k e s t h e form: 一 S t t I / s in d/X . 
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4 T a b l e D i l i . H-Atom c o o r d i n a t e s (x lO ) and i s o t r o p i c 2 3 thermal parameters (A x 1 0 ) for the complex 3 . 
X y z U 
H(12a) - 1 2 4 0 4776 - 1 9 2 4 90 
H(12b) - 1 7 8 8 4036 - 2 4 6 3 90 
H(13a) - 7 2 9 4086 578 90 
H(13b) - 1 2 0 0 5072 635 90 
H ( 1 3 c ) - 6 0 3 5766 202 90 
H(14a) - 2 5 7 8 5615 - 2 1 5 6 90 
H(14b) - 1 9 7 7 6377 - 1 6 2 4 90 
H ( 1 4 c ) - 2 2 2 3 6127 -727 90 
H(15a) - 2 2 2 2 3810 - 1 0 2 90 
H(15b) - 1 7 2 3 2693 - 4 7 2 90 
H ( 1 5 c ) - 2 4 6 1 3242 - 1 5 8 2 90 
it 2 2 2 The e x p o n e n t t a k e s t h e form: -8n Usin B/\ • 
* 4 . T a b l e DIV. Hydrogen atom c o o r d i n a t e s (x lO ) and a s s i g n e d 
i s o t r o p i c thermal p a r a m e t e r s (A^xlO^) f o r t h e complex 4 . 
Atom X y z ^ 
H(12a) - 1 1 5 2 5003 -1826 80 
H(12b) - 1 8 3 3 3944 - 2 4 1 2 80 
H(13a) - 5 5 5 4253 681 80 
H(13b) - 1 0 1 6 5353 958 80 
H(13c ) - 6 7 8 5806 169 80 
H(14a) - 2 5 6 4 5432 -1967 80 
H(14b) - 1 9 0 2 6531 - 1 4 7 3 80 
H ( U c ) - 2 2 4 0 6077 - 6 8 4 80 
H(15a) . - 2 0 9 6 3618 9 80 
H(15b) - 1 6 3 7 2513 - 2 6 5 80 
H(15C) - 2 3 9 9 3108 -1308 80 
2 2 2 •The e x p o n e n t t a k e s t h e form: -Sir Usivx 0 / \ • 
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4 T a b l e DV. H-Atom c o o r d i n a t e s (x lO ) and i s o t r o p i c 
2 3 • t h e r m a l p a r a m e t e r s (A xlO ) f o r t h e complex 5 . 
X y z U 
H(2a ) - 1 7 0 8 3766 - 2 4 1 4 80 
H(2b) - 1 0 3 0 4895 -1737 80 
H(3a ) - 6 0 1 4220 680 80 
H(3b) - 1 1 9 9 5286 745 80 
H ( 3 c ) - 7 2 7 5824 155 80 
H(4a) - 1 6 5 6 2364 - 3 2 2 80 
H(4b) - 2 4 2 3 2834 - 1 4 5 0 80 
H ( 4 c ) - 2 2 2 2 3486 -228 80 
H(5a ) - 1 9 2 0 6474 - 1 6 0 4 80 
H(5b) - 2 3 8 3 5953 -997 80 
H ( 5 c ) - 2 5 8 4 5300 - 2 2 2 0 80 
* 2 2 2 The e x p o n e n t t a k e s t h e form: -Stt Usin . 
* 4 • T a b l e DVI. Hydrogen atom c o o r d i n a t e s (xJO >2and a s s i g n e d 
i s o t r o p i c thermal p a r a m e t e r s (A xlO ) f o r t h e 
complex 6 . • 
Atom X y z U 
H(12a) 796 3053 6304 80 
H(12b) 1108 A726 6317 80 
H ( 1 3 a ) 3949 3400 5685 80 
H(13b) A848 3908 6757 80 
h(13c) 3112 2511 6537 80 
H ( 1 4 a ) 2209 3709 7877 80 
H(14b) 3960 5080 8099 80 
h(14c) 2504 5406 7923 80 
H(15a) 4 3 8 4 6089 5734 80 
H(15b) 3829 6850 6626 80 
H ( 1 5 c ) 5285 6525 6801 80 
H ( 2 2 a ) 3534 7774 2214 80 
H(22b) 2109 8076 2489 80 
H(23a) 2788 7365 -386 80 
H(23b) 3917 7249 421 80 
h(23c) 2112 5987 201 80 
H(24a) 3227 10206 1633 80 
H(24b) 4 5 9 1 9791 1329 80 
h(24c) 3529 9977 512 80 
H(25a) 438 8330 1205 80 
H(25b) 758 8088 89 80 
H(25C) - 2 0 6672 639 80 
* 2 2 2 The e x p o n e n t t a k e s t h e form: -Stt [ / s i n 0/\ • 
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* 4 T a b l e DVII. Hydrogen atom c o o r d i n a t e s (x lO ) and a s s i g n e d 2 3 isotropic thermal parameters (A x l O ) for the complex 7 . 
Atom X y z ^ 
H(12a) 5585 -235 3590 80 
H(12b) 4536 -1782 4184 80 
H(13a) 5390 -588 1409 80 
H(13b) 4435 - 2 1 7 2 2023 80 
H(14a) 8744 - 3 2 8 3 267 80 
H(14b) 7600 -1878 - 2 1 1 80 
H(14C) 6646 - 3 4 6 0 413 80 
H(15a) 8693 - 3 2 1 1240 80 
H(15b) 9815 - 1 7 5 4 1692 80 
H ( 1 5 c ) 8430 - 9 2 1 2792 80 
H(16a) 6223 -4348 2870 80 
H(16b) 6946 - 3 3 4 0 3773 80 
H ( 1 6 c ) 8331 - 4 1 7 3 2674 80 
* 2 2 2 The e x p o n e n t t a k e s t h e form: - 8 n I / s i n $/X . 
* 4 T a b l e DVIII . Hydrogen atom c o o r d i n a t e s (x lO ) and a s s i g n e d • 2 3 i s o t r o p i c thermal p a r a m e t e r s (A xlO ) f o r t h e complex 8. 
Atom X y z U 
H(3a) - 4 9 4 -4267 2880 80 
H(3b) - 7 9 0 -2665 2866 80 
H(Aa) - 1 4 8 5 -2349 4612 80 
H(5a) - 2 1 5 5 - 3 5 9 4 5765 80 
H(6a) - 2 1 8 8 - 6 3 7 3 5866 80 
H(7a) - 1 5 2 3 - 7 8 5 0 4879 80 
H(8a) - 8 6 1 -6552 3744 80 
* 2 2 2 The e x p o n e n t t a k e s t h e form: -Stt Usin $/X • 
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T a b l e DIX, Hydrogen atom c o o r d i n a t e s * (x lO^) and a s s i g n e d 2 3 i s o t r o p i c thermal p a r a m e t e r s (A xlO ) f o r t h e complex 9 . 
Atom X y z U 
H(12a) 6549 9868 1795 80 
H(12b) 6502 11613 1238 80 
H(13a) 6108 6667 1755 80 
H(14a) 5515 6061 1460 80 
H(15a) 5159 8837 768 80 
H(16a) 5383 12156 340 80 
H(17a) 5974 12526 607 80 
H(22a) 8063 6550 993 80 
H(22b) 8193 4872 1570 80 
H(23a) 8636 1614 1640 80 
H(24a) 9155 972 1466 80 
H(25a) 9302 3701 816 80 
H(26a) 8928 6871 290 80 
H(27a) 8406 7358 445 80 
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